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IMPROVED METHOD FOR DETECTION OF ATP 



CROSS REFERENCE TO RELATED APPLICATIONS 

This non-provisional application claims priorily lo U.S. provisional 
5 application [Docket Number 10743/4] entitled IMPROVED METHOD FOR 

MEASUREMENT OF ATP, filed on Februar> 16. 2001. The provisional application 
lists Keith Wood, Rita Hannah, and Rich Moravec as in\ entors. 

FIELD OF THE INVENTION 

The present invention relates generally to the fields of cell biology and 
10 molecular biolog> . In particular, this invention relates to methods, compositions and 

kits for improving the detection and quantitation of ATP. 

BACKGROUND OF THE INVENTION 

Advances in the biological, biomedical and pharmaceutical sciences have 
accelerated the pace of research and diagnostics unparalleled to the past. With whole 

1 5 genome sequences becoming quickly and successively available, the assembly of 

large libraries of small molecules, and the ability to move pharmaceutical 
development, clinical diagnostic tests and basic research from a reductionist to a 
whole system approach demands assays that facilitate high throughput analyses. 
Molecules no longer need to be singly analyzed for their effects on a lone process: 

20 instead, the effects of many molecules on several biological systems can be studied 

simultaneously^if appropriate, fast, reliable, and accurate assays are available. 

Preferred bioassays that assist in evaluating cellular health are those that detect 
and quantif> adenosine triphosphate (ATP). Hydrolysis of ATP powers many of a 
celFs biochemical processes. Healthy, viable cells are rich in ATP: dead or dying 

25 cells are ATP-poor. 

Efficient, reliable and accurate assays for cell viability can be used to rapidly 
discover c>lotoxic agents or cell proliferation agents and determine the cytotoxic 
effect or cell proliferation effect of agents on cells. Cancer pharmaceutical research 
often endeavors to identify compounds that selectively kill quickly dividing cells^a 



priman characlerislic of cancer cells. While some eiTeclive anti-cancer c> tolo\ic 
compounds ha\ e been identified: innumerable potentialK more \ aluable compounds 
await identification. High throughput screens of compound libraries, coupled w ith 
elTicient cell viability assays, can swifiK identify such compounds. In some systems 
5 of the bod\ , controlled cell death is crucial for appropriate function. For example, 

immune system de\ elopment — a continual process — depends on apoptosis 
(programmed cell death). The disco\ er\ of drugs to treat immuno-related 
d> sfunctions often depends on determining cell \ iabilit> . The efficacy of a candidate 
compound on cell Mability can be assayed b\ detecting ATP. since ATP production is 

10 only realized in metabolically active (live) cells and residual ATP in a cell is degraded 

upon cell death, particularly quickly in non-apoptotic (necrotic) cell death. Assay 
systems that not only facilitate the evaluation of a substance on cell viability, but also 
permit high throughput screens that can rapidly test thousands of compounds, 
streamline new drug discover) . 

1 5 In clinical settings, diagnostic tests on large numbers of samples are facilitated 

when simple, accurate and safe assays are used. Disease treatments can then be more 
readily determined and instituted. 

With the availability of w hole genome sequences, the identification of gene 
products that affect ATP production, either indirectly or directly, is made possible, 

20 and high throughput screens to identify such proteins are facilitated by simple, fast, 

accurate and reliable ATP assays. 

ATP assays are valuable for innumerable types of measurements for which it 
is important to determine the presence or absence of microbes or to determine the 
amount of microbial contamination present, e.i:^., determining microbial contamination 

25 of end products, hygiene monitoring, eflectiveness of biocides, success of biological 

waste treatment process, and the like. 

ATP assa>'s depend on reporter molecules or labels to qualitati\ el\ or 
quantitatively monitor ATP levels. Reporter molecules or labels in such assa\ 
systems ha\ e included radioactive isotopes, fiuorescent agents, and en/ymes. 

30 including light-generating en/ymes such as luciferase. Desirable characteristics of 

any reporter molecule s\ stems include safe, quick and reliable application and 
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deleclion. Luminescent s\stems are among the most desirable smce lhe> are 
exceptionalK safe and sensilu e 

Lighl-generatmg en/\ mes ha\ e been isolated from certam bacteria, proto/oa. 
coelenterates, mollusks, fish, millipedes, flies, fungi, worms, and crustaceans. Those 
5 en/> mes isolated from beetles, particularly the fireflies of the geneva Phot inus\ 

Photuns, and Luciola, and from click beetles of genus Pyrophorus. have found 
w idespread use in reporter s\ stems. In man\ of these organisms, en/\ mes such as 
luciferases cataly/e oxido-reductions in which the free energ\ change excites a 
substrate molecule to a high-energy state. When the excited molecule returns to the 

10 ground state, visible light is emitted, i.e. '^bioluminescence" or "luminescence". 

Among the assay systems in which bioluminescence has been employed to monitor or 
measure ATP are those in which the activity of an ATP-dependent bioluminescenl 
en/yme, c.}^. a beetle luciferase. is exploited 

When luciferase is combined w ith a sample for the purpose of detecting ATP, 

15 it is typically desirable to inhibit ATPases endogenous to the sample as well as 

en/ymes that generate ATP, thus assuring that the ATP detected corresponds to the 
actual amount of ATP in a sample at a desired time. Many ATPase inhibitors are 
known, including detergents, especially detergents that are positively charged. 
However, most ATPase inhibitors are effective in not only eliminating ATPase 

20 function endogenous to the sample (e.g., a cell or cell population), but also ATPases 

that may be used as the reporter molecule, such as luciferase AdditionalK . to counter 
ATP production, inhibitors of en/ymes that phosphoniate. such as kinases, are 
desirable. However, these inhibitors, such as sodium fluoride (NaF). might also affect 
luciferase function. A challenge to improving ATP detection in a sample using 

25 luciferase depends on methods or compositions that substantially decrease or 

eliminate ATPase activity and ATP-generating activity endogenous to the sample, 
thereb> stabilizing the amount of ATP present in the sample to that present w hen the 
composition is added, without confounding luciferase function. 

There are multiple variations of cellular ATP detection methods currently 

30 used, all of w hich act in a stepw ise manner. Some such methods first lyse the cells 

and inactivate the ATPase activity endogenous to the sample (e.g.. b> increasing 
sample pH). then neutralize the ATPase inhibitor, thereby con\ erting the en\ ironment 
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of the sample to one favorable to luciferase activity prior to adding the luciferase and 
detecting luminescence. Other such methods combine the neutralization of the 
ATPase inhibitor with the addition of luciferase There are no ATP detection svstems 
that provide a composition or method capable of inactivating endogenous ATPase 

5 acti\ it> and detecting luciferase activity in the same environmental milieu. Therefore. 

current assays that use luminescence to detect ATP are handicapped by the need for 
successive, time-consuming steps. 

The present invention provides compositions with properties of enhanced 
stability comprising a luciferase and one or more ATPase inhibitors and further 

10 provides methods using these novel compositions to detect ATP in a sample by 

reducing the steps of cell lysis, endogenous ATPase inhibition, and substrate and 
luciferase addition to a single step that is then followed by detection of luminescence. 
Because embodiments of the invention significantK reduce the time and effort of 
luciferase-mediated detections of ATP by elimmating the need to neutralize ATPase 

1 5 inhibitor activity before adding luciferase, high throughput assays can finally be 

efiiciently realized. 

SUMMARY OF THE INVENTION 

The invention is drawn to methods, compositions and kits that are used to 
detect and quantify ATP levels in a sample. The method comprises adding to a 

20 sample a composition (^Yeagent composition'') comprising a luciferase enzyme and an 

ATPase inhibitor, and detecting luminescence produced in the sample by the 
conversion of a substrate into a luminescing compound by luciferase. The reagent 
composition has properties of enhanced stability, thereby eliminating the traditional 
step of inhibiting ATPases endogenous to a sample before adding luciferase enzv me 

25 to the sample Thus, although luciferase functions as an ATPase, while in the reagent 

composition it is resistant to the effects of an ATPase inhibitor also present in the 
reagent composition. Such stable reagent compositions facilitate many ATP 
detections in a sample over a long period of time as w ell as detection of ATP in many 
samples over a long period of time. 

30 In general, the methods comprise adding a composition ("reagent 

composition") comprising a luciferase (such as exemplified by, but not limited to. 
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SEQ ID NOs: 1-4) aiid one or more ATPase inhibitors lo a sample and delecting 
luminescence, wherein the acli\ ity of the reagent composition has enhanced stabilit\ 
|/.c'., the reagent composition is capable of maintaining at least about 30%. more 
preferabK at least about 60% acti\ ity (as measured by luminescence when the reagent 

S composition is combined with the sample) for at least one hour, e\ en more preferabK 

at least 70%. 80%, 90%. 95%, 9')% or greater activity for at least one hour, still more 
preferably for at least two hours and e\ en more preferabK for at least four hours 
relative to the reagent composition's activity when it is created, i.e., just after (0 to 10 
minutes) the luciferase en/> me is combined with an ATPase inhibitor), and wherein 

10 the ATPase inhibitor is present in the reagent composition at a concentration 

sufficient to reduce ATPase activity endogenous to the sample by at least about 25%. 
more preferably at least about 30%, more preferably at least about 40%. even more 
preferabK 50^!o, <)()%, 70%, 80%, 90%, 95%. or 99% or greater relative to the 
sample's ATPase activity in the absence of the ATPase mhibitor. The reagent 

1 5 composition may be admixed before use by adding a solution comprising one or more 

ATPase inhibitors to a lyophili/ed luciferase. 

Loss of stability is defined as irreversible loss of activity. The reagent 
composition loses stability over time and the amount of activit> lost varies depending 
on the particular luciferase. ATPase inhibitor and, when present, en/yme stabilizing 

20 agent used. Preferably the stability of the reagent composition is demonstrable in the 

temperature range of about 20°C to about 3TC. Although the methods of the 
invention may be used w ith a sample containing any amount of ATP. it is preferable 
to use a sample containing a non-saturated amount of ATP (i.e.. a range where 
luminescence is linearly proportional to the concentration of ATP). 

25 The luminescence generated by a luciferase reaction is typically detected with 

a luminometer although other detection means may be used. The presence of light 
greater than background level indicates the presence of ATP in the sample. The 
background level of luminescence is typically measured in the same matrix in w hich 
the sample exists, but m the absence of the sample. Suitable control reactions are 

30 readilv designed by one of skill in the art. Preferred luciferases used in the 

compositions and methods of the invention generate a stable signal. I.e., they yield 
enhanced duration of luminescence in a luciferase reaction defined as less than 50% 
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loss of luminescence per hour relative to the luminescence at the time the luciierase 
reaction was initialed. Preferred luciferases of the inv ention allow for multiple 
analyses of a sample o\ er time or anaK sis of many samples o\ er time, one hour after 
the luciferase is combined with the ATPase inhibitor, more preferabK two hours and 
5 most preferabK four hours or more. Optionally, the luciferases used in the 

compositions and methods of the in\ ention have enhanced thermostabilit) properties. 

Quantifying the amount of emitted light also quantifies the amount of ATP in 
a sample, and thereby the quantity of li\ ing cells. Quantitative ATP \ alues are 
realized, for example, when the quantity of light emitted from a test sample is 

1 0 compared to the quantity of light emitted from a control sample or to a standard cur\ e 

determined b\' using known amounts of ATP and the same luciferase. substrate, and 
reaction conditions {i.e. temperature, pH, etc.). It is understood that quantification 
invoU es subtraction of background values. Qualitative ATP values are realized when 
the luminescence emitted from one sample is compared to the luminescence emitted 

15 from another sample w ithout a need to know the absolute amount of ATP present in 

the samples, e.g., a comparison of samples in the presence or absence of a test 
compound. Many such experiments can readily be designed b\ one of ordinary skill 
in the art. 

Examples of ATPase inhibitors include detergents, preferably detergents w ith 
20 charged groups such as cationic detergents {e.g., DTAB (dodecyltrimethylammonium 

bromide), CTAB (cetyltrimethylammonium) and BDDABr 
(benzyldimethyldodecylammonium bromide)], anionic detergents SDS and 
deoxycholate), and zwitlerionic detergents (e.^.. sulfobetaine 3-10). To facilitate the 
method, a substrate for the luciferase. such as luciferin, may be included in the 
25 reagent composition. Other embodiments of the reagent composition further 

comprise a compound, such as NaF. that prevents an increase in ATP levels in the 
sample o\ er time. Other compounds that prevent an increase in ATP levels in the 
sample include \ anadate and paranilrophenylphosphate. Still other embodiments of 
the reagent composition further comprise a buffer and magnesium One of skill in the 
30 art knows that other cations, such as manganese and calcium, may be suitable 

substitutes for magnesium. 
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The reaction composition ma\ also comprise an en/yme stabilizing agent. 
The en/\ me stabilizing agent can be any compound that stablizes the luciferase from 
degradation Suitable enzyme stabilizing agents include proteins (such as bovine 
serum albumin or gelatin) or detergents (prelerabK non-ionic detergents, most 

5 preferably THESIT). 

Because the presence of ATP (or a particular ATP:ADP ratio) is a property of 
living cells, the invention is also directed to detecting and quantifying live cells in a 
sample using the above-described compositions. The amount of luminescence then 
correlates to the number of \ iable cells within a population, usually measured by 

1 0 lysing an aliquot of a population of cells of interest w hile applying the invention or 

extracting the ATP from a cell or population of cells. 

Further, the present invention is useful for determining the effect of small 
molecules (including organic and inorganic molecules and synthetic and naturally 
occurring molecules) on living cells, which in turn allow s the assement of w hether the 

1 5 small molecule may function as a pharmaceutical. Thus, the invention is also directed 

to methods that determine the effect of a compound on a first population of cells by 
contacting the first population of cells with a concentration of the compound and then 
at a later time contacting the first population of cells with a composition of the 
invention, detecting and comparing the amount of luminescence in the first population 

20 to an amount of luminescence in a second population of cells. The second population 

of cells may be contacted with a concentration of the compound that is less than the 
concentration contacting the first population of cells or w ith no compound. A lesser 
amount of luminescence detected from the first population compared to the second 
population may indicate that the compound comprises a cytotoxic agent. In this way. 

25 cytotoxic reagents may be discovered. Similarly, the invention is useful for 

discovering cell proliferation reagents, i.e., compounds that stimulate cell growth 
Using the above example, a lesser amount of luminescence detected from the second 
population compared to the first population may indicate that the compound 
comprises a cell proliferation agent. The invention is useful for comparing the effects 

30 of different compounds at the same concentration on cells The invention is also 

useful for comparing the effect of a compound on different types of cells. One of skill 
in the art ma\ de\elop many other such assays for which the invention is useful. 



The mxention also assembles the elements of the mx enlion into kits. Such kits 
are designed to determine the presence of ATP in a sample, ck- measuring cell 
viability u ithm a population of cells, or determming the efiects of compounds on 
cells. Kits can be multifunctional such that more than one purpose can be realized. In 
one embodiment, a kit that is used to detect ATP in a sample may comprise 
lyophili/.ed luciferase in one container, while another container contains reconstitution 
buffer xMth one or more ATPase inhibitors. The ATPase inhibitors may be 
detergents, preferably detergents w ith ionic groups including calionic detergents 
(preferabK DTAB or BDDABr). anionic detergents (preferably SDS or deoxycholale) 
or /Avittenomc detergents (preferably sulfobetaine 3-10) or a combination thereof 

The kit may also suppK' a luciferase substrate, such as luciferin. The kit may 
also supply magnesium or other cations such as manganese or calcium. To facilitate 
the use of control experiments with known concentrations of ATP. such as in 
embodiments of the kits that are used to quantify ATP in a sample, a container that 
has ATP may also be supplied in such kits. The kit may also supply a compound that 
prevents an increase m the amount of ATP in the sample over time (c.g .NaF). The 
kit may also supply a cell-lysing agent or an ATP extracting agent {e.g.. TCA. 
DMSA. CTAB. ethanol. and the like). The kit may also supply a buffer. The kit may 
also supply an en/.yme stabilizing agent, e.g. BSA or gelatin or THESIT. 

A preferred embodiment of the kit contains components which, when 
combmed. generate a reagent composition that (i) maintains at least about 30% 
(preferably at least about 60%. even more preferably at least 70"^,, 80%. 90%. 95%. 
99%) activity for at least about one hour (preferably at least two hours, more 
preferably four hours), as detected by luminescence when the reagent composition is 
combined with a sample, and relative to the reagent composition-s activity just after it 
IS assembled (i e.. 0 to 10 minutes after the component comprising luciferase is 
combmed with the component comprising an ATPase inhibitor) and (ii) reduces at 
least about 25% or at least about 30%. (preferably at least about 40%. even more 
preferably at least about 50",o. 60%. 70%. 80%. 90%. 95%. 99% or an> increment 
therein) of the ATPase activity that is endogenous to the sample relative to the 
sample s ATPase activity in the absence of the ATPase inhibitor. 
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The component comprising an ATPase inhibitor may comprise greater than 
one ATPase inhibitor wherein the\ are present in the reagent composition at a 
concentration such that their combined effect reduces at least about 25% or at least 
about 30*^0. (preferabK at least about 40%. even more preferably at least about 50%. 
5 60%. 70"/o. 80%. 90%. 95%, 99% or any increment therein) of the ATPase actiMt> 

that is endogenous to the sample relative to the sample's ATPase activity in the 
absence of the ATPase inhibitor and when allow for the reagent composition. 

Most preferably the kit comprises a container comprising a buffered detergent 
solution, said buflered detergent solution at a pH in the range of about pH 6.0 to about 
10 pH 8.0, and said buffered detergent solution composing DTAB whose concentration 

in the reagent composition is in the range of about 0.05% to about 2% (w/v) and 
optionalK comprising NaF whose concentration in the reagent composition is in the 
range of about 1 mM to about 20 mM and optionally comprising THESIT whose 
concentration in the reagent composition is in the range of about 1% to about 5%. 
1 5 The kit additionally comprises a separate container comprising lyophili/ed luciferase. 

preferably a luciferase w ith the sequence of SEQ ID Nos: 1.2,3. or 4. most 
preferably SEQ ID Nos: 2 or 4. Preferably the luciferase. when combined with the 
buffered detergent solution creating the reagent composition, is at a concentration of 1 
|ig/ml or greater, more preferably at a concentration of 80 ng/ml or greater. 
20 Preferably- the container comprising lyophili/ed luciferase further comprises 

lyophih/ed luciferin. Optionally, the kit further comprises instructions for use of the 
kit for the purpose of measuring ATP. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 IS a graph illustrating the effect of increasing concentrations of various 
nonionic and /witterionic detergents on relative ATPase activity m a sample 

FIG. 2 IS a graph illustrating the eflect of increasing concentrations of various cationic 
30 or anionic detergents on relative ATPase activity in a sample. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present in\enlion provides composilions with properties of enhanced 
stability comprising a luciferase and one or more ATPase inhibitors The in\ ention 
further provides compositions with properties of enhanced stability comprising a cell 
lysing agent, a luciferase and one or more ATPase inhibitors. The invention further 
pro\ ides methods using these no\ el compositions to detect ATP in a sample by 
reducing the steps of cell lysis, endogenous ATPase inhibition, and substrate and 
luciferase addition to a single step that is then followed by detection of the resulting 
luminescence. Alternatu ely, cell lysis may be replaced w ith extraction of ATP from 
a cell or a population of cells. Preferably the luminescence resulting from the 
combination of a composition of the invention with a sample has an extended 
duration, i.e.. dimished by less than about 50% per hour relative to the luminescence 
just after the composition is combined with the sample. The process of the mvention 
significantly reduces the time and effort of luciferase-mediated detection of ATP in a 
sample by eliminating the need to neutralize ATPase inhibitor activity before adding 
luciferase. 

There are multiple variations of ATP detection methods currently used, all of 
which act in a stepw ise manner. Some such methods first lyse the cells and inactivate 
the ATPase activity endogenous to a sample (e.^.. by increasing sample pH). and then 
neutralize the ATPase inhibitor, thereby converting the environment of the sample 
from one favoring ATPase inhibition and unfavorable to luciferase acfivity to one 
favorable to luciferase activity prior to adding luciferase and measuring luminescence. 
Similar methods exist in which the environment of the sample is converted to one 
favoring luciferase activity at the same time that the luciferase en/yme is added. 
There are no ATP detection systems that pro^de a composition or method capable of 
inacti\ ating endogenous ATPase acti\it\ and allowing for luciferase activity in the 
same euMronmental milieu And there are no ATP detection s\ stems that pro\ ide a 
composition or method capable of lysing cells or extracting cellular ATP. inhibiting 
ATPase activity endogenous to a sample and allowing for luciferase activity in the 
same en\ ironment Therefore, current assa> s that use luminescence to detect ATP are 
hajidicapped by the need for successive, time-consuming steps. 
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In preferred embodimenls, the present in\ enlion reduces to a single step the 
manipulations needed for ATP detection in a sample, prior to luminescence 
measurement. In the single-step ATP assa> of the invention, all of the necessarx 
components of the ATP-dependent en/yme (e.^.. luciferase). such as the en/\ me. 
substrates, and ATPase inhibitors are comprised w ithin a reagent composition and are 
added to a sample at once. In some embodiments the reagent composition further 
comprises a cell lysmg agent or an agent for ATP extraction from cells, in some 
embodiments, a component of the reagent composition is a compound {e.^. , NaF) that 
prevents an increase in ATP le\ els in the sample o\ er time The mechanism b\ which 
ATP levels are increased over time in certain samples, such as a cell K sate prepared 
with lymphoid cells {e.g., Jurkat cells), is not well understood, but it possibly results 
from the activity of a kinase en/yme endogenous to the sample. In some 
embodiments, a component of the reagent composition is an en/v me stabilizing agent. 



15 A, Definitions 

Unless defined otherwise, all technical and scientific terms have the same 
meaning as is commonly understood by one of skill in the art to w hich this invention 
belongs All cited patents and publications are incorporated by reference in their 
entirety unless otherwise noted. 

20 The nomenclature recommendations of Demerec et al., 1966. where these are 

relevant to genetics, are adapted herein. To distinguish between genes (and related 
nucleic acids) and the proteins that they encode, the abbreviations for genes are 
indicated by italicized (or underlined) text while abbreviations for the proteins start 
with a capital letter and are not italicized. Thus, luc or Luc refers to the luafera.se 

25 nucleotide sequence that encodes luciferase polypeptide or Luc. 

An 'isolated" or "purified * luciferase is one that has been identified and 
separated and/or recovered from a component of its natural environment. 

The term "sample" as used herein, is used in its broadest sense, A sample is a 
composition suspected of containing ATP that is analyzed using the invention While 

30 often a sample is known to contain or suspected of containing a cell or a population of 

cells, optionally in a growth media, or a cell lysate. a sample may also be a solid 
surface, (e.i^.. a swab, membrane, filter, particle), suspected of containing an aUached 
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cell or population of cells. It is contemplated that Ibr such a solid sample, an aqueous 
sample is made by adding the solid to the reagent composition of the invention or to 
another aqueous solution to w hich the reagent composition of the in\ ention is added. 
Filtration is desirable in some cases to generate a sample, e.g. in tesung a liquid or 

5 gaseous sample by a process of the invention. Filtration is preferred when a sample is 

taken from a large volume of a dilute gas or liquid. 

The term -detection. " as used herein, refers to quantitativel> or qualitatively 
determining the presence or absence of a component within the sample. 

-Percent (%) amino acid sequence identity " is defined as the percentage of 

1 0 amino acid residues in one sequence that are identical to. with, or against amino acid 

residues in a second sequence in the region of overlap when the two sequences are 
optimally aligned. To determine percent amino acid identity, sequences are locally 
aligned and if necessars'. gaps are introduced to achieve the maximum percent 
sequence identity; conservatn e substitutions are not counted when calculating 

1 5 sequence identity. Ammo acid sequence alignment procedures to determine percent 

identity are well known to those of skill in the art. Publicly available computer 
software such as BLAST software (NCBI at wwwinjcbLnUi^^^^ ma> be 

used to align peptide sequences. Those skilled in the art can determine appropriate 
algorithms and parameters for measuring alignment, including any algorithms and 

20 parameters needed to achieve optimal alignment of two amino acid sequences. 

When amino acid sequences are aligned, the percent amino acid sequence 
identity of a given amino acid sequence A to. with, or against a given ammo acid 
sequence B (which can alternatively be phrased as a given amino acid sequence A that 
has or comprises a certain percent amino acid sequence identity to. with, or against a 

25 given amino acid sequence B) can be calculated as; 

% amino acid sequence identity = 
where X is the number of amino acid residues scored as identical matches in the 
optimal alignment of A and B by the sequence alignment program or algorithm and Y 
IS the total number of ammo acid positions aligned. 



.30 
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B Reagent composition 

The reagent composition of the present invention comprises one or more 
ATPase inhibitors, preferabh a detergent, and a non-endogenous ATP-dependent 
en/yme. wherein the composition is capable of maintaining at least about 3l)% 

5 en/ymatic activity for at least about one hour, preferably at least about 2 hours, more 

preferably at least about 4 hours, compared to its activity just after (0 to 10 minutes) 
the en/> me is combined with the ATPase inhibitor, and wherein the one or more 
ATPase inhibitors are present m the composition at a concentration sufficient to 
collectively reduce ATPase activity endogenous to the sample by at least about 25%. 

1 0 more preferably at least about 30%. 40%. 50%. 60%. 70%. 80%. 90%. 95% or 99% or 

an> increment therein relative to the ATPase activity endogenous to the sample in the 
absence of the ATPase inhibitor. In preferred embodiments of the invention, the non- 
endogenous ATP-dependent en/> mes are luciferases. 

15 1 Luciferases 

Luciferase en/\ mes whose catalytic products include light, offer sensitivity . a 
detectable product, and enable easy measurement of ATP. However, am 
luminescence-producing en/yme that is ATP-dependent ma> be used in the methods 
and compositions of the present invention. 

20 At their most basic level, luciferases are defined by their ability to produce 

luminescence. More specifically, a luciferase is an en/\ me that catalyzes the 
oxidation of a substrate, luciferin. thereby producing oxiluciferin and photons. 

To date, five classes of luciferases have been identified (Jones et al.. 1999: 
Thomson et al.. 1997). Of these, beetle luciferases. such as that of the common firefly 

25 (family Lampyridae). form a distinct class with unique evolutionan origins (McElroy 

et al.. 1969: White et al.. 1969: White et al.. 1975). Beetle luciferases are often 
referred to as firetly luciferases in the literature: howe\er. firefiy luciferases are 
actually a subgroup of the beetle luciferase class. Beetle luciferases may be purified 
from the lamems of the beetles themselves or from protein expression systems well 

30 known in the art (Baldwin and Green. 2000: Beny and Dolivo. 1976: Branchini et al . 

1980: Filippovaet al . 1989), 
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Beetle luciferases. particularly iiretly liicilerase from the North American 
firelh Photmus pymlis. are uell knoun in the art The /' pyralis lucilerase (LucPp> ) 
consists or approximately 550 amino acids of M, 61 kDa as calculated b> the protein 
encoded by the nucleotide sequence of the gene. Hou ever. other firelly luciferases 
5 are desirable, such as Photuris pcnmylvcmica firely lucilerase (LucPpe2; 545 amino 

acid residues; GenBank 2190534. (Ye et al.. 1997)). Mutant luciferases derived from 
LucPpeZ (e.g.. LucPpe2m78 (also known as 78-OBlO). SEQ ID NO.l : LucPpe2m90 
(also known as 9()-lB5). SEQ ID N0:2: LucPpe2ml33 (also known as 133-1B2). 
SEQ ID N0:3: LucPpe2ml46 (also kno\Mi as 146-1H2). SEQ 1DN0;4 are preferred: 
1 0 however, any luciferase that meets the limitations setforth herein may be used in the 

composition, method and kits of the invention. The method of making LucPpe2m78. 
LucPpe2m90. LucPpe2ml33. and LucPpe2ml46 is disclosed in PCT/US99/30925. 

Isolated and/or purified luciferases are typically used in the present invention. 
Contaminant components of its natural en\ ironment are materials that would typicalK 
1 5 interfere with diagnostic or therapeutic uses for the luciferase. and may include 

en/ymes. hormones, and other proteinaceous or non-protemaceous materials. One 
technique to ascertain purity is applying SDS-PAGE analysis under non-reducing or 
reducing conditions using Coomassie blue or silver stain. Isolated luciferase includes 
luciferase in situ within recombinant cells, since at least one component of the 
20 luciferase natural environment will not be present. Luciferases can be isolated from 

biological specimens that produce luciferase or from a cell that expresses an 
exogenous polynucleotide encoding a desired luciferase (e.g.. a nucleotide encoding 
78-OBlO. 90-1 B5. 133-182. or 146-IH2 (SEQ ID NOs: 5-8. respectively)). Such 
techniques are well known to those of skill in the art. 
25 The naturally-occurring substrate for beetle luciferases is firelly lucifenn. a 

poKlherocyclic organic acid. D-(-)-2-((. -h>droxv-2 -ben/othia/,olyl)-A'-thia/.olin-4- 
carboxvlic acid (lucifenn). Lucifenn may be isolated from nature (e.g. from fireflies) 
or synthesized. Synthetic lucifenn can have the same structure as the naturally 
occurnng lucifenn or can be denvatized. so long as it functions analogously (Bowie et 
30 al.. 1973; Branchmi. 2000; Craig et al.. 1991; Miska and Geiger. 1987; Yang and 

Thomason. 1993). Examples of denvatives of lucifenn include D-lucifenn methyl 
ester. D-lucife^l-L-phenvlalanine. D-lucifenl-L-N a-arginine. D-lucifenn-0- 
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sulphate and D-lucilerm-O-phosphate (Miska and Geiger. 19X7). esters ofluciferases 
that are h> droly/.ed or acted upon by esterases to lucilerin b> components in a sample 
(Craig etal.. 1991: Yang and Thomason. 1993). Other examples of useiulluciierin 
analogs include naphthyl- and quinoK liuciferin. which emit light in the green and red 
light spectra respectively (Branchini et al.. 19X9). There are multiple commercial 
sources for lucilerm (c.^.. Promega Corp. Madison. WI: Molecular Probes. Eugene. 
OR). 

The beetle luciferase-cataly/ed reaction that >ields luminescence (the 
luciferase-lucifenn reaction) involves fireny lucifenn. adenosine triphosphate (ATP), 
magnesium, and molecular oxygen. In the initial reaction, the firefly lucifenn and 
ATP react to form luciferv l adenylate with the elimination of inorgamc 
pyrophosphate. The lucifery 1 adenylate remains tightly bound to the catalytic site of 
luciferase. When this form of the en/yme is exposed to molecular oxygen, the 
enzyme-bound lucifer>l adem late is oxidi/ed to yield ox> lucifenn in an electronicalK' 
1 5 excited state. The excited oxidi/ed luciferin emits light on returnmg to the ground 

state: 
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It IS contemplated that the ATP function of the reaction can be performed by 
an ATP analogue (c- .t;.. dATP). It is also contemplated that other ions can ser^ e as 
substitutes for magnesium ions Mn^ or C^l AdditionalK . oxygen is a 
reactant of the reaction. Therefore, the reaction should not be conducted under 
anaerobic conditions. However, it is not generally necessan in practicing the 
.n^ emion to provide oxvgen over and above that present in the air. Reactions can take 
place in closed ^essels. provided there is sulTic.ent oxygen in the reaction solution 

Most luciferase-luc.ferm reactions generate a fiash of light that is short lived. 
However, some of the luciferases preferred for use vvith the invention, e.g.. 
LucPpe2ml46 and LucPpe2m9() luciferases. under the conditions of the invention 
generate a -glow-type- luminescent signal ^Mth less than 50% loss of luminescence 
per hour after the reagent composition is combined with the sample. 

Any luciferase. luciferase variant, luciferase fragment, or variant luciferase 
fragment that retains the ability to generate luminescence when used in the reagent 
composition of the presem invention and does not prevent the reagem composition 
from meeting the stability requirements of the present invention, can be used in the 
present invention. 

A full length luciferase variant will have at least about 80% ammo acid 
sequence identity, preferably at least about 81% amino acid sequence identity, more 
preferably at least about 82'N.. 83%. 84%. 85%, 86ro, 87"/,. 88%. 89%. 90%. 91%. 
92%. 93%. 94%. 95%. 96%. 97%. 98^0 amino acid sequence identity and most 
preferably at least about 99" i, amino acid sequence identity with a full-length nativ e 
sequence luciferase sequence and retain the ability to generate luminescence. 
Ordinanlv. variant luciferase fragments are at least about 50 amino acids in length, 
often at least about 60 amino acids in length, more often at least about 70. 80. 90. 100. 
150. 200. 300. 400. 500 or 550 amino acids in length, or more and retam the abilitv to 
generate luminescence. A luciferase. luciferase fragment, luciferase n ariant or v ariant 
luciferase fragment may be fused to other non-luciferase amino acid sequences and 
still be functional m the invention 

Full length beetle luciferase. fragments of beetle luciferase. v ariants of beetle 
luciferase. and variant fragments of beetle luciferase en/vme used in the compositions 
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and methods of the present invention mav be purified from a natu e source or 
prepared by a number oftechniques. including ( 1 ) chemical synthesis. (2) en/ymatic 
(protease) digestion of luciferase. and (3) recomb.nam DNA methods. Chemical 
sxnthesis methods are well knoun in the art. as are methods that employ proteases to 
cleave specific sites. To produce segments of luciferase protein, segments of 
luajerasc or luciferase variants can be made and then expressed in a host organism, 
such as E. coll. Methods such as endonuclease digestion or poK merase chain reaction 
(PCR) allow one of skill in the art to generate an unlimited supply of well-defined 
fragmems. Preferably . luciferase fragments share at least one biological act.Mty u .th 
native luciferase. as vsell as catalytic activity, although the level of activity may \ ar> 
from that of the native luciferase. 

Any type of ammo acid substitution, insertion or deletion, or combination 
thereof may be used to generate a n anant luciferase. Hovn ever, a luciferase w ith a 
conservative amino acid substitution is more likely to retain actn ity. Useful 
conservative substitutions are shown m Table A -Preferred substitutions." 
Conservative substitutions whereby an amino acid of one class is replaced w ith 
another ammo acid of the same type fall within the scope of the invention if the 
substitution does not impair luciferase activity. 
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Table A. Preferred substitutions 
OrigiuaTresidue Exem plarTsubstitutions 



Preferred substitution 



Ala (A) 



Ar^ (R) 
Asn(N) 



Asp (D) 
Cys (C) 
Gin (Q) 



Glu (E) 



Glv (G) 



His (H) 



Val. Le ujle_ 
Lvs. Gin. Asn 



Gin. His. Lys. Arg 



Glu 



Ser 
Asn 



Asp 



Pro. Ala 



Asn. Gin. Lvs. Arg 



lie (1) eu, Val. Met. Ala. Phe. Norleucine 



Leu (L) Norleucine. lie. Val. Met. Ala. Phe 



Val 



Lvs 



Gin 



Glu 



Ser 
Asn 



Asp 



Ala 



Arg 



Leu 



lie 




Non-conservalive substitutions that effect (1) the structure of the polypeptide 
backbone, such as a p-sheet or a-hel.cal conformation. (2) the charge or (3) 
hvdrophob.c.ty. or (4) the bulk of the side chain of the target site might modify 
lucferase function Residues are divided into groups based on common side-cha.n 
properties as denoted in Table B. Non-conservative substitutions entail exchanging a 
member of one of these classes for another class. 



Table B. Amino acid classes 



Class 



Hydrophobic 



Amino acids 



neutral hydrophilic 
Acidic 



Basic 



disrupt chain conformation 
Aromatic 



Norleucine. Met. Ala. Val. Le u. He 



Cvs. Ser. Thr 



Asp. Glu 



Asn. Gin. His. Lys. Arg 



Gly. Pro 
Trp. Tvr. Phe 



Variant luciferose genes or gene fragments can be made using methods knoun 
,n the art such as ol.gonucleot.de-med.ated (site-d.rected) mutagenesis, alanine 
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scanning. and PCR mutagenesis. S.te-d.recied mutagenesis (Carter. 1986; Zoller and 
Smith. 19X7). cassette mutagenesis, restriction selection mutagenesis (Wells et al.. 
,9H5) or other knoun techniques can be performed on the cloned DNA to produce the 
luc.terase variant DNA (Ausubel et al.. 1987: Sambrook. 1989). 

5 

2. Preferred luciferases 

Preferred luciferases of the mvenlion possess catalytic activity that depends on 
ATP and emits photons. Preferred luciferases of the invention have enhanced 
chemostability in the presence of ATPase inhibitors relative to the level of the P 
10 pvraUs luc.ferase (LucPpy) chemoslabil.tv in the same reaction conditions. Preferred 

luciferases used in the compositions and methods of the invention generate a stable 
signal. I.e.. they yield enhanced duration of luminescence in a luciferase reaction 
defined as less than 50% loss of lummescence per hour relative to the luminescence al 
the time the luciferase reaction u as initiated. Preferred luciferases of the invention 
1 5 allo^^ for multiple analyses of a sample over time or analysis of many samples over 

lime, one hour after the luc.ferase is combined with ihe ATPase inhibitor, more 
preferably two hours and most preferably four hours or more. Optionally, the 
luciferases used in the compositions and methods of the invention have enhanced 
thermostability properties. An exemplified preferred luciferase is LucPpe2ml46 
20 (SEQ ID N0:4). Additional examples of en/> mes useful in the invention include, but 

are not limited to. LucPpe2m78 (SEQ ID NO: 1 ). LucPpe2m90 (SEQ ID N0:2). and 
LucPpe2ml33(SEQIDN0;3). 

The exemplified luciferases. LucPpe2m78 (SEQ ID NO.l). LucPpe2m90 
(SEQ ID N0:2). LucPpe2ml33 (SEQ ID N0:3) and LucPpe2ml46 (SEQ ID NO 4) 
25 ^^ere generated from a mutant of/' pcnnsylvamca (T249M). The nucleic acid 

sequence encoding this protein was subjected to mutagenic methods including 
recursn e mutagenesis followed by screens for thermostab.l.tv. signal slabilitN . and 
substrate binding and is fullv described bv Wood and Hall (WO 9914336. 1999) 

30 Chcmo.slahilily 

• Chemostable luciferases" as used herein, defines luciferases that retain 
activilv in the presence of compounds or conditions when those compounds or 
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conditions u picallv inhibit ATPases and disrupt the function ofnon-chemostable 
luciterases such as LucPpy. The aboxe identified exemplar> luc.ferases 
l(LucPpe2m78 (SEQ ID NO 1). LucPpe2m90 (SEQ ID NO 2). LucPpe2ml33 (SEQ 
ID NO 3) and LucPpe2ml46 (SEQ ID N0:4)l were found herein to have enhanced 
chemostability to ATPase inhibitors. 

Thus, preferred luciferases include those which maintain at least about 30% 
(preferabK at least about 60%. 70%. S0%. 90%. 95-... 99"o) en/ymat.c actn il> as 
measured by luminescence at least one hour (preferably at least two hours, more 
preferably at least four hours) after contact with an amount of ATPase inhibitor, 
preferably a detergent, c.^.. calionic detergent (preferably DTAB or BDDABr). 
anionic detergent (preferably deoxycholate or SDS) or /.wilterionic detergent 
(preferably sulfobetaine 3-10) or combination thereof sufficient to collectively reduce 
ATPase actn ity endogenous to a sample by at least about 25% (preferabK at least 
about 30'",,. even more preferably at least about 40%. 50".,. 60%. 70%. 80%. 90%. 
95%. 99% or an> increment therein) relative to the sample's ATPase activit> in the 
absence of the ATPase inhibitor. 

The chemostability of an en/yme also may be indicated by the rate of decline 
of Its activity over time. For example, shortly (0 to 10 minutes) after mixing the 
ATPase inhibitor and the luciferase. thereby creating the reagent composition, at 
20 several subsequent timepoints an aliquot of the reagent composition is added to a 

sample and relatne light unit (rlu) measurements are obtained shortly thereafter 
These measurements may be graphed to determine a trend of decline in en/yme 
activity in the reagent composition over time. 

The preferred chemostable luciferases (c.^. Ppe2m78. Ppe2m90. Ppe2ml33. 
25 and Ppe2m 1 46) also retain activity in multi-detergent solutions. SpecificalK . 

soluuons containing 0.01 %. preferably 005%. 0. l"... 0.2%. 0.3%. 0.4%. 0.5%. 0.6%. 
0.7%. 0.8%. 0.9'^„. most preferably 0.25% CHAPS (3-(|3- 
Cholamidopropyl|dimethvlammonio)-l-propanesulfonate) with at least 0.01%. 
preferably 0.05%. 0. 1%. 0.2%. and most preferably 0.3"o or I ()% BDDABr. 
taurocholic or taurolithocholic acids, or DTAB. or 0.01%. preferably 0.05%. 0. 1%. 
0.2%. 0 3%. 0 4"^,. 0.5%. 0.6%. 0.7%. 0.8%. 0.9%. most preferably 1.0% of 
taurocholic or taurolithocholic acids with at least 0 0 1 "... preferabK 0.05" ... 0. 1 "... 
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0 and most preferablv 0.3% or 1 (.% BDDABr. DTAB. or CHAPS. Other mult.- 
detergent solutions m wh.ch LucPpe2m7S. LucPpe2m90. LucPpe2ml33 and 
LucPpe2m 1 46 retam actn Uy mclude 0.0 1 %. prelerablv 0.05%. most prelerablv 0 1 % 
TRITON X-100 ^Mth at least 0.01%. preferably 0.05%. 0. 1%. 0 2%. 0 5%. most 
preferably 1 .0% BDDABr. DTAB. or CHAPS: or 0,01%. preferably 0.05%. 0. 1%. 
().2'!o. 0.3'!o. 0.4%. 0.5%. 0 6%. 0.1%. O.X%. O.W.. most preferablv 1 0% of 

taurochol.c or laurol.lhochol.c ac.ds wUh at least 0.01%. preferabh 005%. 0. 1%. 

0.2% a.d most preferablv 0.3 or 1.0% BDDABr. DTAB. or CHAPS: or t).05%. 1 .0%. 

2.0-0. 4.0%. preferably 2% polyethylene glycol 400 dodecyl ether (THESIT). uith at 

least 0.05"o. preferably 0. 1%. 0.2% and most preferably 0.3% or 1 .0% BDDABr. 

DTAB. or CHAPS . 



Thermostability 

in some embodiments, a thermostable luc.ferase that produces lummescence 
, 5 or other thermostable ATP-dependent enzyme that produces a detectable signal .s 

desirable, especially in samples that are treated with heat immediately prior to ATP 
detection A thermostable polypeptide remains active at temperatures that inactivate 
or denature other proteins. The LucPpe2m78. LucPpe2m90. LucPpe2ml 33 and 
LucPpe2ml46 en/ymes display increased thermostability compared to luciferases 
found in nature or encoded from polynucleotides isolated from nature. 



.S7.t,'«fl/ stability 

Preferred luciferases used in the compositions and methods of the invention 
oenerate a stable signal, i.e.. such luciferases. when used in a luciferase reaction, yield 
luminescence with enhanced duration defined as less than 50% loss of luminescence 
per hour relative to the luminescence at the time the luciferase reaction was initiated. 
This property ,s referred to as signal stability. Preferred luciferases of the invention 
allow for multiple analyses of a sample over time or analysis of manv samples over 
l„ne. at least one hour after the luciferase is combined with the ATPase inhibitor, 
more preferablv at least two hours and most preferably at least four hours or more 
The combination of a luciferase and an ATPase inhibitor in the reagent composition, 
uherein the luciferase is capable of producing luminescence with enhanced duration 



while m the presence of an ATPase inhibitor (and. optionally, kinase inhibitors) that 
stabih/es the amount of ATP present in the sample results in a reliable and elTic.ent 
ethod for detecting and quantifv.ng cellular ATP for extended periods ol time. 
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3. Other desirable luciferases 

Anv luciferase. luciferase fragment, or variants thereof that, in an ATP- 
dependent manner, emits photons upon oxidation of a substrate and is chemostable. 
; e retains act.vilv in the presence of the ATPase inhibitors of the invention, may be 
used in the present invention. Other desirable characteristics, although not obligaton . 
such as thermoslabihtv and signal stability, are contemplated. In addition, the 
luciferase mav be fused to another amino acid sequence and still be functional in the 
present invenit.on. Such en/.> mes may be svnthesi/.ed m vUro or isolated from other 
organisms. 

other luciferases are found m bacteria, unicellular algae, coelenterates. beetles 
(other than />. pennsvlvan.ca)^ fishes, and other organisms. Chemically, all luciferases 
,n^ olve exergon.c reactions of molecular oxygen with different lucifenns. resulting in 
photon production (Hastings. 1996: Hastings and Wilson. 1976: Wilson and Hastings. 
1 998: Wood et al.. 1 989), Preferably, other luciferases should be dependent on ATP 
for oxidation of luciferin. or the reaction conditions manipulated such that 
bioluminescence generation depends on ATP. One of skill in the art can ascertain 
ATP dependence for the luciferase-luciferin reaction. 

The use of a luciferase other than that from beetles requires an appropriate 
luc.fenn molecule that upon oxidation generates a chemically and electrically 
unstable intermediate or a detectable en/, matic product. Other substrates may be 
used, as well as other ATP-dependent en/v mes that produce a detectable en/ymatic 
product Detectable products include photons, radioactivelv-labeled products, 
insoluble or soluble chromogens. or other products that can be detected visually or 
through the use of devices. 
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Kits 



When the invention is supplied as a kit. the different components of the 
composition mav be packaged in separate containers and admixed pnor to use Such 



-23- 



separale packaging of the components permits long-term storage w.lhout loss of 
lucferase-luctenn activity. However, when the various parts of the kit are admixed, 
therebv formmg the "reagent composition-, the reagent composition comprises a 
luciferase. such as exemphf.ed bv. but not limited to. SEQ ID N0s:l-4. and one or 
more ATPase inhibitors wherein the activity of the reagent composition has enhanced 
stab.l.tv the reagent composition is capable of maintaining at least about 30%. 
more preferably at least about 60% activity for at least one hour, ex en more preferabh 
at least 70%. XO'M,. 90%. 95%. 99" „ or greater actiMt>' for at least one hour, still more 
preferabK for at least Us o hours and ex en more preferably for at least four hours (as 
measured by luminescence uhen the reagent composition is combined with a sample) 
relative to the reagent composition's activity when it is first created, i.e.. 0 to 10 
minutes after the luciferase en/yme is first combined with an ATPase inhibitor!, and 
wherein the ATPase inhibitor is present in the reagent composition at a concentration 
sufficient to reduce ATPase activity endogenous to a sample by at least about 2.5%. 
more preferably at least about 3()«'o. ex en more preferably at least about 40%. 50%. 
60%. 10%. 80%. 90%. 95%, or 9')% or greater relative to the ATPase activity in the 
absence of the ATPase inhibitor. Instructional materials may also be enclosed in the 
kit. as well as materials that max act as standards or controls, depending on the 
purpose of the kit. 

1 The reagent composition 

In a preferred embodiment, the components of the reagent composition of the 
invention can be supplied as two parts that are admixed shortly before use; ( 1 ) a part 
comprismg luciferase and (2) a part comprising one or more ATPase inhibitors. An 
example of such an embodiment is represented in Table C and others are represented 
,n the Examples, The luciferase component may further comprise luciferiii and 
preferably is lyophili/ed. The luciferase component optionally comprises excipients 
for lyophili/ation. protem (luciferase) stabili/.er. magnesium (or alternative cation), 
and a magnesium chelator (or alternative cation chelator). The ATPase inhibitor 
component may further comprise a buffer, dn alent cation metal chelators, magnesium 
(or alternative cation), a defoaming agent. anli-ATP-generating en/.yme agents (e.g.. 
NaF). an enA me stabili/er (e.g.. THESIT) and cell lysing agent or agent for 
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exlracling ATP irom cells. The diiTerent components of the invention mav comprise 
subsets of these parts and be combmed m any wav that either taciHtates the 
application of the in\ ention or prolongs storage life 
Table C. Preferred components of a kit 



Component 



Action 

CataK /es luciferase- 
lucifenn reaction in one 
step 



Preferred embodiments 

Ppe2m90 or Ppe2ml46 luciferase 



luciferase\ 



Substrate 



Luciferin 



luciferin 


and protein stabili/er 


(Prionex) 




En/\ me cofactor 


MgS04 




Chelates Mg after ATP 
removal 


1,2-Cvclohexanediaminetetraacetic acid 
(CDTA) 




Buffer 


Citrate buffer 

Potassium Phosphate buffer 




Buffer 


2-(N-Morpholmo)ethanesulfonic acid 
(MES) ! 


ATPase/ 
Extraction 


Chelates divalent metal 
cations 


Ethvlenediaminetetraacetic (EDTA) 


Defoamer 
ATPase inhibitor 


MAZU DF2()4 
DTAB 




Inhibitor of ATP- 


NaF 




generating activity 




Non-ionic detergent, 
disrupts cellular 
membranes 


THESIT. 

PoK oxyethylene(9)-laur\ 1-ether 



2. Luciferase-luciferin component 

All luciferases. luciferase v ariants. luciferase fragments and variant luciferase 
fragments that catah /.e an ATP-dependent reaction and generate luminescence are 
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c„n,e„,pla,ed for use ,„ ,he ,me„„on Some e.bod,n,e,«. el,„„na.e ,he luclen,,: lb, 
e.a„,ple. »llo,v,„g a user ,o suppiv a luCenn ort„s,her chcce. or ,he lucferrn mav 
be provided separately The ,pe oflucferin provided may var. bu, mus, be a 
subslrale for Ihe Ivpe onuciferase provided 

In one embodimen,. a k.. supplies Ihe luciferase as an anhydrous preparation 
Anhvdrous prepara.ions or lucilerase n,ay be Kophdi.ed. in which vvaler ,s removed 
under vacuunr. free^e-dried. cry slalli/ed. or anv olher n,e,h„d ,ha, removes vvarerlha, 
does no, inacuvale lucferase, Excp.ems .ha, bulk ,he prepara„on and s,ab,h,e 
luciferase, such as serum album.ns or Pnonex, may also be included In Cher 
embodimen,s. lucferase may be suspended in an aqueous composi.ion comprising 
glvcerol or Cher solven, ,n wh,ch .he en«me is s,able. The skilled arusan can easily 
dcermine ,he amou„.s oflhe var,ous consu.uenis .ha. work in .he compos.uons and 
methods of the invenlion. 
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3 ATPase inhibitor component 

,n a preferred embodiment, the k.t comprises a component contam.ng one or 
„.ore ATPase mh.bitors whhin a solution optionally containing other functional 
components, such as buffers, defoamers. en/v me stabilizers, and the like. This 
component mav be supplied as a working solution or as a concentrate. A cell K sing 
agent or an agent that allows for cellular ATP extraction (e.,.. CTAB) ma> be 
packaged separatelv or together with the ATPase inhibitor component. The ATPase 
.nhibitor mav be anv of those described herein above. This component mav further 
comprise agents that chelate metal ions that may interfere with the luciferase-luc.lerm 
reaction (. g EDTA. EGTA). magnesium (preferably supplied as a saU. such as 
sulfate or chloride: or other functionallv equivalent cation), defoaming agents, and 
.nhibitors of ATP generating en. me (e.,,. NaF). BulTers that maintain ,H ol the 
working solution, c.,. citrate or MES (which may be supplied as a salt, such as 
sodium or free acid or base) or anv other appropriate buffer mav be used. 
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ATl'asc inhihilor 
One aspect of the invention is an 
.nhib.ts ATPases. more preferablv a detergent with a charged group, e.,' . cat.onic 



ATPase inhibitor, preferably a detergent that 
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deteroent (prelerablv DTAB or BDDABr). an.on.c detergent (preferablv deox^ chelate 
or SDS) or nvUtenon.c detergent (preferably suUbbetame 3-10), Such mh.b.tors 
prevent ATPases endogenous to the sample from processing ATP to adenosine 
diphosphate (ADP) and adenosine monophosphate (AMP) before the lucferase .s 
5 allowed to ul.l./e the ATP in the sample for the luc.ferase-luc.fenn reaction, ATPase 

.nhibitors mav inact. ate ATPases directlv or ind.rectlv. Thev mav bind to ATPases. 
either ,n the actu e sites, thus preventing substrate binding, or denature ATPases. such 
as b> denaturing detergents, or the> ma>' selectn eh sequester ATPases from their 
substrates. 

,0 One embodiment of the present invention uses cat.omc detergents such as 

DTAB or BDDABr detergents that act as ATPase inhibitors. However, other ATPase 
.nhibitors are contemplated, such as other caliomc detergents, anionic detergents (e.g. , 
SDS and deoxycholate) and /.vvittenon.c detergents (c,g., sulfobeta.ne 3-10). 
For DTAB or BDDABr the concentration in the reagent composition is 
, 5 preferablv in the range of about 0 02"., to about 5.0%. more preferably about 0.05%. 

stUl more preferablv about 0. 1%. 0.2%. 0.3%. 0.4«... 0.5%.. 0.6".,,. 0 7'>o. 0.8%. 0 9%. 
l.oo,,. l.l-o. 1.2%. 1.3%. I 4% and 1 5% and most preferably to a final concentration 
of about 10%. in the reagent composition. 

Other non-cationic detergent ATPase inhibitors are contemplated for inclusion 
.0 .n the reauent composition: their requirements are that they, like DTAB. preferably 

inhibit at least about 25%. more preferably at least about 30%. 40o/o. 50^0. 60%. 70%. 
80".. 81%. 82%. 83%. 84"„. 85»'o. 8..%. 87%. 88"o. 89"o. 90%.. more preferably at 
least about 91 "... 92".,.. 93"... 94^0. 95",,. 96"«. 97",.. 98"o. 99".. and most preferably 
about 100% of endogenous ATPase activ ity in a sample when presem in a reagent 
.3 con.pos.tion wherein the reagent composition is capable of maintaining at least 30%. 

40",. 50"., 6()"o. 70'"„. 80%. 81%. 82»V 83"/,,. 84<!„. 85%. 86"'... 87"... 88%. 89"/,.. 

more prelerablv at least about 91%. 92%. 93%. 94%. 95%. 96%. 97%. 98%. 
99"^, and most preferablv about 1 00"^o activ itv. as measured bv luminescence after the 
reagent composition is combined with the sample, for at least one hour, more 
30 preLablv at least 2 hours compared to the reagent composition's activ.lv just alter 

the luciferase is combined with the ATPase inhibitor. Potenliallv suitable non- 
cationic detergents that function as ATPase inhibitors include anionic detergems 
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(preferablv SDS and deoxvcholate). /uiuer.on.c detergents (preierabK sulfobetain 3- 
10). The concentration of a particular ATPase inhibitor will var> depending on the 
inhibitor used, and to some extent, the sample being analyzed. One of skill in the art 
,s familiar methods to determme the appropriate concentration of an ATPase 
inhibitor for inclusion in the reagent composition; for example, they ma> examine 
luciferin-luciferase derived signals over time, comparing those samples that have 
vary ing concentrations of a candidate ATPase inhibitor to those samples containing 
no known ATPase inhibitors. 

It is fulK anticipated thai the most preferred concentration and e\ en the 
concentration range functional in the methods of the inN ention ^^^\\ x ar> for different 
detergents. For example. SDS concentrations functional m the methods of the 
invention are about 0.002% (Examples 2 and 3). The functional concentration range 
for a detergem used in the present inx ention may readiK' be determined by one of skill 
in the art using the methods disclosed herein. 

h IS contemplated that some ATPase inhibitors, at some of the concentrations 
useful in the invention, may be insoluble or have low solubility in aqueous solutions. 
These compounds may first be dissolved in an organic solution (e.^'.. dimethyl 
sulfoxide or dimethylformamide) and then diluted into the reagent composition for 
use in the composition and methods of the invention. 

Inhihilors of ATP-^encratm^ enzymes 

In some samples, en/v mes such as kinases may be active, allowing for 
continued production of ATP. Because the ATP concentration is detemiined at a 
specific time, if such en/.ymatic activity is lefi unchecked, then an over-esUmation of 
the ATP concentration will be made. To counter such ATP-generating actiMt> . 
inhibitors of ATP production can be used. Although the action of a specific inhibitor 
may be incompletely understood, their usefulness is not obviated. Examples of useful 
compounds mclude NaF. which is useful at concentrations of at least 1 mM. 
preferably 2 mM to 100 mM or any increment therein: 2 mM is most preferred. Any 
such inhibitor may be used, however, if it does not adverselv affect luciferase so as to 
take It outside the utilitv of the invention. One of skill in the art will know how to 
determine the appropriate concentration of such an inhibitor, whether the inhibitor .s 
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novel o, u ell-known 0,he, ,nK,b„ors of ATP senera.mg en.vmes .nclude. but are 
„o. l,m„ed ,0- vanadate, parani.rophenylphospha.e a„d d,chlo,oace.,c acd ,K,ed,le e, 

al.. I'^XO) 
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Buffers 

Anv bulTers that mamtam suUable pH for the work.ng solut.on and do not 
.nterfere wUh the luCerase-iucienn react.on are contemplated. The preferred ,H 
range .s between about ,H 4.5 and about ,H . 0. more preferably between about ,H 
6 0 and about ,H 8.0. In addU.on to MES and c.trate buffers, other buffers, such as 
phosphate buffered saline (PBS). Tr.s. N-(2-Hydroxvethyl)p.pera/,ine-N'-(2- 
ethanesulfon.c acd) (HEPES). p,pera.,me-1.4-b.s(2-ethanesulfon.c acd) (PIPES), 
borate and anv other bulTer knovs. to those of skUl .n the art ma> be suitable. 
Selection of appropriate bufTers depends onpH buffering capactv and interaction 
with the luciferase-luciferin reaction. 

Defoamers 

Defoammg agents are desirable to prevent foam from tnterfenng vv.th the 
detection of biolum.nescence. especallv ,n appltcattons tha, quanttfy luminescence. 
Such agems as M AZU may be organic or s.l.cone based. Selection of defoamers 
depends on their ability to eliminate foam without interfenng with the luciferase- 

luciferin reaction. 

Magnesium 

The beetle lucferase-luaferin reaction is dependent not only on ATP. but also 
on magnesium ions. To assure luciferase actiMtv. magnesium is exogenouslv 
supplied m addition to magnesium sulfate, other salts of magnesium arc 
contemplated, such as magnesium chloride, magnesium gluconate, magnesium 
acetate magnesium brom.de. magnesium carbonate, e.c. In anv case, the magnesium 
complex must dissociate to make Mg^ ions available to the luciferase and not 
.nterfere with the lucferase-luciferin react.on. One of sk.ll .n the art is aware that 
other cauons mav be functional in place of magnesium. These include calcum and 
manganese. 
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m some appl.cat.ons. endogenous magnes.um should be sunicenl ,n which 
cases exogenous magnesium could be eliminated. 

< 'ell /i'.v//7.is' oi^cnts and A TI' extmcdon cii^enls 

To free ans sequestered ATP wilh.n a cell and to K se cells in a sample, cell 
ivsing agents, such as non-ion.c detergents, mav be included Anv cell h s.ng agent .s 
conte.nplated including other non-.onic detergents, (such as from the Triton series, 
cationic anionic and /wittenonic detergents, bile salts, chaotropes. and any other 
agent that disrupts cellular membranes, including bacterial toxins such as oxvlvsins. 
Alternate elv anv agent that allows for ATP extraction from a cell is contemplated 
(such as CTAB). Agents that allow for ATP extraction from a cell include detergents 
present at a concentration that puts holes in the cell membrane, allowing for ATP 
within the cell to leach into the sorrounding media, but not present at such a 
concentration that produces a cell lysate. 



Slahlizmg ogem.s 

While resistant to the action of nonionic and low concentrations of 
.wnttenonic detergents (Simpson and Hammond. 1991). native fireflv lucferase is 
.nacuvated bv cation.c detergents, such as benzalkonium chloride, ben/ethonium 
chloride. CTAB (cetyltnmethylammon.um). DTAB (dodecyltnmethylammonmm 
brom.de). and methvlbenx.ethonium chloride (Simpson and Hammond. 1991 ). 

The stab.l./.ng agent can be any compound that stabl./es the luciferase from 
degradation. Suitable stabilizing agents include proteins (such as bovine serum 
albumin or gelatin) or detergents (preferably non-.onic detergents, most preferably 
25 THESIT). 

Other agents 

Other agents that mav be included in a kit include substances that are knoun 
to enhance the duration of luminescence resulting from a lucferase reaction, such as 
30 co-en/,vme A (CoA). thiol reagents, such as dithiothre.tol and P mercaptoethanol 

(Wood. US 5.283.179. 1994: Wood. US 5.650.289. 1997). metal ion chelatorssuch as 
EDTA to prolong the signal and protease inhibitors (Scheirer. US 5.618.682. 1997: 
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Scheuer. US 5.H66.348. 1999). or h.gh conceniraUons ofsalls (Van Lune and Trer 
Wiel. WO 00/1 S953. 2000). 



Other kil contenis 

K.IS maN also include reagents in separate containers that facilitate the 
execution of a specific test, such as cell viability, cvtotox.citv. cell proliferation, or 
determination of ATP concentration. For example. ATP mav be supplied so that 
tandard curves mav be determined or to be used as internal controls. Substances that 
are knov^. to be cvtotoxic to cells can be included for use as a positive control in tests 
of cell viabilitv or for the effects of compounds on cells. The kit may suppK a sample 
gathering component such as a membrane, filter or swab. 



4 Containers or vessels 

The reagents included in the kits can be supplied in containers of any sort such 
that the Ufe of the different components are preserved, and are not adsorbed or altered 
bv the materials of the container. For example, sealed glass ampules may contain 
Ivophili/ed luciferase or buffer that have been packaged under a neutral, non-reacting 
gas such as nitrogen. Ampules may consist of anv suitable material, such as glass, 
organic polvmers. such as polycarbonate, polystyrene. e,c.. ceramic, metal or an>' 
other material tvp.cally employed to hold reagents. Other examples of suitable 
containers include simple bottles that may be fabricated irom similar substances as 
ampules, and envelopes, that may consist of foil-lmed mteriors. such as aluminum or 
an allov Other containers include test tubes, vials, flasks, bottles, syringes, or the 
„ke Containers mav have a sterile access port, such as a bottle having a stopper that 
can be pierced bv a hvpodermic injecUon needle. Other containers mav have two 
compartments that are separated by a read.lv removable membrane that upon removal 
permits the components to mix. Removable membranes mav be glass, plastic, rubber. 



etc. 



S Inslruclional materials 

Kits mav also be supplied with instructional materials. Instructions mav be 

or other substrate, and/or may be supplied as an electronic-readable 



printed on paper 
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„,ed... such as . Hoppv a.sc. CO-ROM. OVD-ROM. Z,p d,sc. > '^-ape a.d,„ 
„pe «c De,a„ed ms.rucuons ma, no, be phys.ca.lv assoca.ed w„h .he U. ,ns,.ad. 
a user mav he d.reced ,o an ,n,er„e. ,veh s,.e specf.ed hv ,he n,a.ufac,u,e, o- 
d,.„hu,o, or,he K„. 0, suppl,ed as e,ec.,o„,c „,a,l. In a preCerred en,hod,men.. ,he 

before adding Ihe reagenl composilion lo a sample 

D R^agmLComEOSiU^^ 

TO n^easure lummescence and thereby de.ermme ,he reagen, compos.hon 
ac.,v«v ,he relahve l,gh, unU (rlu, v^ue generated hv the luctferase reacon at a 
...epoint ortnterest after the reagen. composttton ,s combined «.h a sample mav be 
measured For example, an rlu value may be obtained hv measunng the result.ng 
,um,nescence from a sample .„h a Unov™ concentratron of ATP com tned vv.th the 
reagent composi.ronjust after ,0-K. mtn) the component compnstng the ATPas 
,„b,b,tor ts added to the component comprrsmg the lucferase thereby creattng the 
reagent compost.ton, Thts ,s considered U.««» activity (time .ero) under those 
condittons If. after combining the component comprising the ATPase inhibitor with 
,he component comprising ibe luciferase and thereby generating the reagem 
composition, the reagem composition is left for two hours, preferably in the 
temperature range of room temperature tabou, 2„'C - ahou, to about 37 C_ 
prior to measuring lummescence under idemical condiuons as the time 0 assay, ^d 
le rlu value obtained is greater than «,% of that obtained at time „. then the reagent 
composition retained at leas, M.. of its actit ity for two hours. 

A reagen, composition of the present invention retains 3,i%. 4„%. 5„%. 5, /„. 

herein .,d most preferably UHn of its activity, as measured by luminescence alter 
,be reagen, composition is combined with the sample for at least one hour, prelerably 
fo, a, least two hours, relative to its acivity when formulated (time .ero,- that is 
from the time the component comprising the ATPase inhibitor was added to the 
component comprising luciferase or shortv thereafter,,)- U- minutes, 

,„ one preferred embodimen,. ,he working siock of ,he reagen, compos.tton 
comprises DTAB or BDDBr in concentrations of about ,. .,2% IpreferahK abou. 
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00S% 0,%.0.2%.0.3V0.4%.05%.06%.07%.O.S«„.0.%. 1.2^^ 
no„ , 4% 1 S%. 1 .6%. 1.7%. 1 K%. 1 9%. 2%. 2.5%. 3%. 3.5%. 4%. 4.5%. . 
5 5'-. 6% 6 S% 7%. 7.5%. 8%. «.5%. 9%. 9.5%. 10% and am mcrement there.n. 
..ore preferablv about 1%) and reta.ns at least about 30% (preferablv at least about 
4(,o.,. 50%. 60%. 70%. 80%. 90%. 95%. 99%) of act.v.ty at least one hour (prelerably 
at least two hours) alter formulation. 

m another preferred embodiment, the reagent compositions comprise 

rn f 0' a 0 S% 0 9% or 1.0% or anv increment 
sulfobetaine at a concentration ol 0.6 .... t).7 .... 0.« 

.herein SDS at a concentration of 0.001%. 0.002o„. ,,003%. 0.004% or 0.005% or 
anv increment therein, or deoxycholate at a concentration of 0. 1 %. 0.2%. 0.3%. 0.4%. 
0 s% 0 6% or anv increment there.n and retain at least about 30% (preferabh at least 
about 40%. 50.„. 60%. 70%. 80%. 90%. 95%. 99o^o) of actn itv at least one hour 
(preferably at least two hours) after formulation. 

E Det^Urnumd^u_,n^^ 

A beetle luciferase-luciferin reaction results in the generation of light 
(-luminescence"). The invention provides assays for ATP measurement by 
..easurmg luminescence. Users mav simply visuallv inspect sample reactions to 
ascertain the production of light. However, more sensitive instrumentations allow not 
onlv detection of faint signals, but also quantification of the light signal. Also 
contemplated are reactions in which non-light products are measured, according to the 
nature of the products. Anv assav for measurement of ATP that results in a signal mav 
benefit from the present invention. Appropriate instruments and methods lor such 
products will be apparent to the skilled artisan. 

,n all cases in which light is detected, specialized instruments, such as 
luminometers. can read the light product of a luc.ferase-iuc.fenn reaction Anv 
.nstrument that c^ detect light of the w avelengths emitted bv the luciferase-.ucUenn 
reaction mav be used. Such instruments mav read samples singularly, or in high- 
throughput screens, may read manv samples housed in the w ells of a microw ell plates 

.4 48 96 384 1 536 and so on. well formats). Clearlv. the devices used to 
measure the emitted light do not limit the invention. Other devices that cai. be used 
.nclude scintillation counters (Nguven et al . 1 988) or instruments invented or adapted 
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,„ be sensune ,o ,un„„=scence. sue., as pho.ome.ers (P.ccolo e. ni . 1-77, 
Pholographic ran, o, X-ray Clm „,av also b. used ,o de.ec, lum.nescence In 
add,.,on. a user n,a> v.suallv ,nspec. a s..ple lo ,ua„.ame,v evalua.e lu,™nesce„ce 

p ysesJoLAIMwte^^ 

" Because ,he beede lucferase-lucrerin reac.ion ,s ATP-dependen,. lucTerase 
can be used .0 assav for ATP The reacon is ,en,arkably sens,„ve, allo,v,„g ATP ,o 
be deteced ,n a sample conlaining as l.ule as 1 moles ATP or less. Th,s 
se„s,„v„v c» be cKploaed ,o unde-sland cell v,ab,..,v and ,be efTecls ,ha. exogenous 
subslances mav exen on cell n,=,abolisn, and v.abil,. In a cellula, con.eM, ATP 
powers cellular merabol.sm. ,he presence of ATP correlates ,o an ac,„ elv 

melaboli/ing cell, the cell is -nable- 

The ,nven,ion ,s drawn ,0 methods, composrttons and krts that are used to 
ellect,velv and accurately detect and ,uantify cellular ATP levels, explotttng the 
ATP-dependence of beetle lucferase to oxtdi/.e lucifenn 

The tnventton comprtses the addttton of a stngle composttton (reagent 
conrposttton, that comprtses a lucferase and at least one ATPase tnhtbttor to a sat^ple 
a.d then detecting lum.nescence. Opttonallv. a ktnase tnhtbttor or a compound that 
prevents accumulatton of ATP can also be present tn the reagent composttton 
Addtttonallv. a cell-lystng agent (c... a pol> oxvethylene such as THESIT) or an ATP 
extracttng agent mav be present ,n the compositton Thts stngle step compnstng 
adding the reagent composttton followed by readtng the lumtnescence represents a 
significant advance in assays lor ATP. 



1 Delecting ATP 

The methods, compostuons and ktts of the inventton provide for the simple 
nualttattv e or quantttatt, e detectton of ATP (or ATP analogue whtch can functton as a 
lucferase substrate) in a sample In preferred embodtments. a stmple <,ual,tattve 
expertment tn whtch luminescence ,s generated ,n a sample ustng the mvenuon. 
mdtcates the presence of ATP Lumtnescence is generated ustng a reagent 
composttton comprtstng lucferase such as LucPpe2m7». LucPpe2m.,t,. 
LucPpe2ml 33 or LucPpe2ml4<.. and one or more ATPase tnhtbttors In addttton. the 
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,,ag.n. co„,po..,o„ n.ov funhe, co.pnse one or „,ore of.he fo«o»,„g co.po.e 
.c'renn. .h,cK „,av .e reco„s.„u,ed fro. a Kop.I.ed prepara„o„. .al.emar.eK^ 
^ .ppr„pr,a,e luCenn-analogue subsua.e,. ATPase ,nK,b„or,s,, ,„.,b,.or,s, o, ATP- 
genera„„g en.vn,es such as taa.es. d.valen, ca„o„ (. magnes.un,,. en^me 
s,ab,l,.„8 aeen,. bufTer.cell-lvs.s agen,. cellular ATP eMracng agen, 

A sample mav be anything .ha, ,s suspected ofcontatn.ng ATP or ATP 
analogue, such as cell Ksates. tn.act cells, btops.es. foods, beverages, swabs «ped on 
surfaces sucb as those of an.ntals. plants, or in^rntate objects, and the „Ke O, er 
e^antples of samples include compos.uons of a known ATP concentratron Ce s or 
cell ivsates mav be from any organism. proUr^o„c or euUryouc. Examples of 

proU.-ot,c cells tnclude E r. « ' 

Eukarvotrc cells mav he from plants, an.mals. fungi. ,nsec.s. or cultured cells 
from such organisms. Examples rnclude A ,U,ana and «mv,»n v,.. 
r„/«v.W».. and r»/v,« .<,. (plants). H sa,,:e.. and Mus (ammals,. 
.V„..W,»vce,, (esp c.».,.,« and p„-.) and N»™.vp„» (fungt). O. 

and <• (insects,. ,» v,«, cultured callus cells from ar,> plan,, 

pnma. cells cultured ,„ v,,™ from any organism (such as organ explants Irom, lor 
example, rodents,, mammalian cell lines sucb as Madin-Darbv canrne krdney 
,MDCK) and Chinese hamster ovary (CHO, cells, and insect cell l.nes such as Z cells 
These examples are furnished only as examples and are no, meant to be Itmrung 

A cell Iv sa,e comprises cellular componenis ,hat are no longer organized mto a 
recognizable intac, cellular architecture. Cell lysales may have soluble and insoluble 
components, either of which may be removed before using the lysale Lysates may be 
prepared bv anv means, includrng physical disrupuon usrng sonication. a dounce. 
mortar and pestle, free.e-thaw cv cling. or anv other device or process iha, destroys 
,he phvsrcal mtegritv of cells, or Ivsis by detergenls. such as those in which 
L„cPpe2ml4(, retains activity, such as «it.er,omc and nonionic deiergents. or 
cationic detergents DTAB or CTAB Preferably Ore cell lysate is produced ,n such a 
vvav tha, the integrity of the ATP concentration rs preserved a, the time the ce Is are 
harvested To accuraielv detec, ATP in a santple. enzv mes that w ould degrade 
cellular ATP or those tha, would generate ATP are preferably inhibited In the 
absence of such inhibrlors. m inaccurate detemtinatron of ATP concentration risks 
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bemo ,.ade Inh.b.tors such as DTAB .nact.vate ATPases. wh.le other molecules 
such^as NaF mactn ate ATP-generat.ng en.^■me act.v.tv. It .s h> pothes./ed. vet not 
fully understood, that lor those cell t> pes m uh.ch NaF .s elTectne (e Ivmpho.d 
cells) NaF is potentially acting to inhibit (a) kinase(s). 

inhibitors of ATP-generating en/> mes. those en/ymes that have as a product 
or bv-product ATP. such as the aclivit>- of kinases, mas be incorporated into the 

reagent composition. An example ofan effective inhibitor is NaF (Bostick et al.. 

1982) Such compositions comprise NaF at concemrations of at least 0 5mM. 

preferably at least 1 mM. more preferably at least 2. 3. 4. 5. 6. 7. 8. 9. 10. 1 1. 12. 13. 

,4 15 16 17 18 19.20.25.30.35.40.45.50.55.60.65.70.75.80.85.90.953.4. 

5 6 7. 8. 9. 10. 1 1. 12. 13. 14. 15. 16. 17. 18. 19. 20. 25. 30. 35. 40. 45. 50. 55. 60. 

65 70 75 80 85. 90. 95. 1 00 mM or any increment therein: 2 mM is most preferred. 

Other inhibitors of ATP-generating en/v mes include other kinase inhibitors, such as 

vanadate. AMP. DAPP (Bostick el al.. 1982) and d.chloroacetic acid (Kiechle et al.. 



15 1980). 



2. Quantifying ATP 

The compositions, methods and kits of the invention permit a user to quantifv 
the amount of ATP in a sample by quantifying the amount of luminescence. The 
invention is applied to a sample of interest, and also to samples containing known 
amounts of ATP (controls). The signal generated from applying the invention to a 
sample of unknown ATP concentration is correlated to signals generated either by 
.memal controls (the addition of a known amount of ATP to a sample and measuring 
the subsequent luminescence) or external standard curves, generated by measuring the 
lummescence of several samples of kno.n ATP concentrations and plotting them 
graphically. Such methods are known to skilled artisans. (Moyer and Henderson. 
1983:Ronneretal.. 1999: Stanley. 1989: Wood et al.. 1989). 

3. Cell viability 

The presence of ATP in a cell, eukaryotic or prokan otic, indicates active 
metabolic processes, indicating a viable cell The compositions, methods and kits of 
the present invention can be used to assay cell viab.Utv (Cree. 1998: Jass.m et al.. 
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,„.,« Peuv et al . 1 ^r>n An accurme measure ofcell > ,ab,h.y allows fo, Ihe accura.e 
assessmen, of .he ellecs of substances on cells, olher purposes for de.ernrnnns cell 
viabilirv are >vell-kno« n lo those of skill in the art 

Deternrtning cell viability ,s useful, for exarrrple. to determine cytotoxicitv. 
cell proliferation, biological phenomena, necrosis, or alterations in cellular 
metabolism. Cell viability assays can also determine the overall viability of a cell 
population. 

The sample in which ATP .s measured to determme cell v.ab.luy may be 
v.able cells themselves, a cell lysate or ar,> other sample suspected of comammg 
cells When usm. cells, mod.f.ed beetle luc.fera.es that are membrane permeable 
n.ay be used (for example, see (Cra.g et al.. 1991)). In many cases, however, a cell 

lysale is preferred. 

4 EiTecls of compounds on cells 

The composuions. methods and k.ts of the present mvenUon can be applied to 
measure the effects of compounds, such as morgamcs. small organ.cs. peptides, 
proteins and polvpeptides. on cellular metabolism when contacted with a sample 
(Aiginger et al.. 1980: Andreott. et al.. 1995: Bradbun et al.. 2000: Cree and 
Andreotti. 1997: Crouch et al.. 1993: Kangas et al.. 1984). Determining the effects ol 
compounds on cells can assess the measure of a potential pharmaceutical 
composition's elTectiveness. Cytotoxic compounds-those that kill cells-can be 
useful in the treatment of cancer cells, especially if thev selectively kill quickK - 
dividmg cells, in other cases, a compound with some other usefulness mav be 
negated if a cMotoxic effect is not desired. Because ATP is a measure ol a cell s 
-..etabolic-- health, an abnormal surge or depression of ATP reduction indicates a 
change in cellular homeostasis. Compounds that contact cells can infiuence ATP 
production through a large number of mechanisms, most notablv cell death and cell 
proliferation These compounds mav be catalogued in compound libraries, or tested 
singlv Such applications of the invenuon apply controls in which samples are 
contacted with control substances whose effects on ATP metabolism are kno... Also 
preferablv controls include samples in which luc.ferase and the compound are present 
together to assure that the compound itself is not directlv affecting iuciferase act.v.tv. 
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The follow ing examples are 
limitalion. 



.ntended lo .lluslrale the present inx ent.on without 
EXAMPLES 



Example 1 1. Detergents that Inhibit ATPases 



30 



Th,s evample was designed .0 ,es, ,he ab.li, ofdffleren, de.ergen.s .0 .nh.bu 
.TPase ac„v,.v endogenous ,0 ce„s and den,o„s,ra,e .he level of such ,nh,b,„„n 
Three separa,e de.ergen.s ,n each orfou, deler^en, classes were .es.e : an,o , SDS 
,Sod,un, dodecl sulfate). B,o,er,e (an a olef.n sulfa.), and sod.un, deoxyc o,a, |. 
„n,on,c ITRITON X-ICIO. B„CHAP ,N.N-.,s.3-.0,ucona.,doprop>,)cholan„de, 
and THESIT (po.yerhylene gKcol 400 dodecyl elher. F.uka, «8«l 5)1. ca.,on,c 
IBDDABr (Benzvld.melhyldodecylammonium bromide). CTAB 
,Ce,vl,r,n,e.hvlan,n,on,un, bromide), and DTAB (dodecy Urimelhylanrmonrun, 
bromrde,! and ™,uer,on,c |CHAPS (3|(3-Cholamidopropyl)d,med,ylammon,o| 
propanesulfonic acd). CHAPSO ,3,,3-Cholam,dopropyMd,me,hy.amn,on,o.-2- 
L.dro.v.,.pr„pa„esulfona,e). and Sulfobelame 3-10 (N.OodecV.N.N-d.nre^yl-S- 
a,™on,o-,-propa„esulfona,e), De.ergen.s were ob.a.ned fro. S,gn,a. F,uU and 

^""*U,2. cells (ATCC CCL-I: 15 x U.' cel.s,ml) rn F,2,DMEM ,Hyclone. 
SH30023) containing 1 0% horse serun, (Hyclone. SH30074, were fro.en and .hawed 
ror four cvcles .0 create a eel, Ivsate, Then 50 ,1 of stock detergent solut.ons I It. /.. 
s „../„ , and 0 5% (wA )l were separateK added ,0 450 ,1 cell lysate. creatntg a 
r,„a, detergent concentrat.on ,n the eel, lysate sample of I ..%. 0 5%. 0 1%. and 
„ respecnt elv .these percentage t alues are those used ,n Tables U and E here,n 
below , control samples contatned either Ivsate onlv or l .ti .M ATP ,n 15 mM 
HEPES bu.er (pH 7.5, All samples were tncubated at V.'C (room temperature, lor 
the duration of the experiment. 
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A, vanous „m.po,n,s. 20 .1 fron, each sa,.ple/de,e,gen, m.Mu. .as added ,o 
a .x,-„ en .u.,nome,e. pla.e ,n ,np„ca.e. a„d ,he„ H.o ,1 of a solu„o„ r.ucde.ase- 
.cfenn- or UL rea.enD con,a,n.. 25 .M HEPBS buffe. ,pH 7.5). ... 
,.,re.ase e„..e UcPpe2.,4„ .Pro.e.a, EMO,^ mM 
H,.MMgSO. «s added .0 each. el, The UL reagen. was stored a, 4 C ,o , e 
,„..,o„ or.he e.pe„.e„. and ,hen a«o„ed .0 reach a.h,en, ,e.pera,ure,us. e ore 

p™e. M.X .,cro.„er p.a.e lu.rno.e.er ,Chan,„K, VA,, 0. second reads per .eU 
„ „^ ,he r,rs. measurenren, raken fi> e n„„u,es after Ore de.ergen. soluhon was 
co,nh,ned w„h ,he sa.p.e Ue average re,a„ve „gh, „n„. and ,he nnrepcn 
„h,ch was measured ,r,u; Table D, »d percen, of re.arnrng lucferase ae„u, a 
lepcn. (Xahle E, are reported: conrrols were r„n ... each se, o. e.per.nren^ 
„„d,uonsas,„d.ca,ed.Th=ca.,on,candan,on,cde,ergen,swereassa>edo„one^ 

„i,h one se, oPconrrols The ,,wr..er,on,c and noa.on.c de.ergenrs were assaved on 
.para,edavw„hasepara.ese.orco„,rols TheOTABa,0.5%wasassa>e on^rh 

davs (. and 2). If .he ongrna, average rlus reported ,n Tahle D were below 5.0, .he 
In. of orrgrn. actrvr. v.ues were not recorded ,n Table E as the detergent was 
deternrtned to be present at a concentrahoh that stgnrficantK destroved lucferase 

acli\itv. 



Table D 



Cell lysale 
(calionic and 
anionic) 

Cell lysale 
(nonionic and 
/Avillenonic) 

ATP Control 
(calionic and 
anionic) 



Average Relative Light Unit Values 




ATP Conlrol 
(nonionic and 
/wiUerionic) 
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1.0" 0 





0.00 

ootT" 


0.01 




0.02 
021 


^]]]Too^^ 


0 


0,00 




t) 


0.31 


O.IS 


921861^1^)10^ 




1181.17 


1060.03 


949.7 
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260 mill 




Table K 



Condition 



Cell Ksate (calionic 



Percent ATP Remaining 



5 min 



100 



75 min 



27.5 



169 min 



14.: 



222 min 260 min 



3.0 
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TRITON \-100 , r 


1.0".. 


100 


29.2 


13.8 


0.5".. 


100 


30.8 


14.3 


0 l"o 


100 


43^9 ' 


24.0 


0.05"'o 


100 


31.9 


13.4 



5.5 
6.2 



4.9 



2.9 
3.2 



Cy6_ 
2.4 
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Zwitterionic^etergents^ 

G4APS 

()".> 
0 >"«_ 
0 1",. 









32.4 




1U)0___ 


54.') 


34.6 
19.0 




100 ' 


39.7 


0 


UK) 


36.3 


18.0 







__rL7| 


19.7 






^_4^3_ 


7.5 


2J 




The dau demonsuale to fo, ,he an.on.c de.ergen.s ,es.ed. SDS a, 
,e„ada.,on of endogenous ATP ,n ,he ce« ,v.a,e ,esn,„ng ,n f.on, a.o. 



10 



15 



20 
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...n, T.e .OS, s.n,r,c« .esu,. .ere seen ».e„ ca„„n,c de,e.e„. 
,„cuba,ed w„h ,he cel, lysa.e, BDDABr a, .. 5% co„ce..ra.,o„. and DTAB 0^ 

T t concen,ra.,ons. each had a, .as, 25.rold n,ore ATP presen, ,n ,he san,p,e 
and 1 .0 ,0 concenirduu , ptar ai 0 05% concentration 

af,er ron, hours .han samples .„ho., these de,e,gen,s. CTAB 

de,ergenl was present lhan »hen ,1 «as absem^ 

ExamnleZ II. Deleruents Thai InhiW. ATPases 

Th,s e.an,p.e .es.ed the seven detergents tha, dentonstra.ed ,nh.h,t,on of 
.TPase act,v„v ,n Ex»ple . heretn above . a lower percenrage than was prevtously 
iested The expenment was performed as detaded ,n Exatnple , The averag 
It. hgh, It va.es and the percent or ATP renratning values are hsted betovv ,„ 
Table F and G respectively. 



Table F 



Average Relative Light Unit Values 

75 min 169 min ^22min_J60min 



5 mm 



Cont rols 

CeUTysate 
"ATT^Jjepes 
Sampjes 




0.5% DTAB 

"[^nTdtab 



]u)2^'^^_BDDABi^ 
0.02'NrSu]fobelaine_ 
002'^ Deoxycholate 



6120^ 
5962.61 












tj56T65j 


4111.X9 


4230.51 1 


7267J2n 


1997. 09 


435.05 


329.83 


227.72 


2686,49 


962.85 




429.86 


1622.61 


291.09 


245.55 


: 136^43 


1694.47 


368. 1 1 


241.05 


135^2Tn 


10753.03 


12051,63 


nT82103" 


jj_rX)0 73 


1574.34 


278.67 


236.28 


128.58 ' 



25 
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Table G 



Percent ATP Remaining 



10 



Condition 

Lysate Control 
ATP Control 
0.5ro DTAB 
0.02".) DTAB 
0.02»oCTAB 
0.02".) BDDABr 
0.02"o Sulfobetaine 
0.02"o Deoxychol. 
0.01"oSDS 
0.002% SDS 



5 min 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 



75 min 

30.47 

7 1 .96 

87.95 

34.02 

43,22 

48.53 

26.51 

28.42 

48.62 

27.27 



1 min 
lO" mill 


222 min ^ 


260 min 




4.27 


2.32 


fS V. / 1 


85.54 


82.1 1 


7Q 


81.52 


82.23 


7.41 


5 62 


3.88 


15.49 


9.73 


6.92 


21.51 


13.18 


9.74 


4.76 


4.01 


2.23 


6.17 


4.04 


2,27 


25.80 


14.20 


8.79 


4.83 


4.09 


1 2,23 

J 



The log of Ihe percent of ATP remaining after ongmal limepo.nl values from 
Table E and Table G were plo.red on Ihe y axis agarns. „me (,n mmures, on ihe s 
axis The slope of the hne generated by these values ,n the presence of detergent w as 
drvtded bv the slope of the Itne generated by the values ,n the absence of detergent 
tlysate control) resulttng ,n the Relative ATP^e Acttv.ty values Itsted below ,n Table 
H. 



TABLE H. RELATIVE ATPase ACTIVITY 




Anionic: 



SDS 



Percent 
d etergent 
1.00 





0.05 


i) u(nx*s 


0.105 
0.702 




0.01 
0.002 


^^ooo^^ 


1.010 








Bioleri^e 










1 .00 
0. jO 








0. 10 


0 0076 


1.36(1 




0.05 


-O.OObi 


1 1 11 

I.I I — ' 


Deowcholale 










I .uu 

U. JU 


-0.0009 


0.158 




U. 1 u 


-0.0038 


0.684 




U. U J 


-0.0055 


0.984 






-0.0064 


1.004 


Non-ionic: 








Triton X-100 










1 .00 


-0 0061 

-V/. \/\'vi I 


1.152 




0.50 


-\} yt\fJ J 


1.117 




0. 10 


-0 0047 


0.889 




0.05 


{\ ("1065 


1.228 


BIGCHAP 










1.00 


-V/. UVJ J O 


0.725 




0.50 


0 0041 

~\f . V/V/'-r 1 


0.782 




0. U) 


-0 {)0S1 


0.968 






-0.0056 


1.069 


Thesil 










1 . uu 


-0.0058 


1.096 






-0.0056 


1.065 




0.10 


-().i)04j 


0.850 






-0.0068 


1 295 


Cationic: 








BDDABr 











1 .00 








0.50 


-0.0004 


0064 




0. 10 


-V/. ^-J 


0.414 




0.05 


-0 OOll) 

-V/. V/\/^ \> 


0.528 




0.02 


~\} ,\}\> ^ ^ 


0.623 


CTAB 


I uu 









0.50 
0.10 


-0.0028 


0.507 




0.05 


-0 0031 


0.561 




0.02 


-0.0046 


0.718 


DTAB 










1 00 


-0.0003 


0 057 
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10 





0.50 




" -0.0003 \ 


0 055 






0,50 




-0,0003 






_(U0_ 
005 




4UK)27__ 


\} . "-fO V/ 







"^^00039 






0.02 


-0.0056 


0.SH4 


Zwitterionic: 








CHAPS 










1.00 


-0 0038 


0.715 




0.50 


-0,0036 


0.688 




0.10 


-0,0054 


1 023 




0.05 


-0,0056 


1 061 


CHAPSO 












1.00 


-0.0037 


0.703 






0.50 


-0.0036 


0.683 




0.10 


-0.0054 


1.030 






0.05 


-0.0057 


I.08U 


Sulfobetaine 3-10 








1.00 


-0,0022 


0.417 




0.50 


-0,0049 


0.921 




0.10 


-0,0058 


1.109 




0.05 


-0.0057 


1.0// 







0.02 


-0,0064 


1.009 



15 



A relative aclu hy value of 1 .0 or greater indicates 1 00% cellular ATPase 
activUv at the concentration of detergent tested, A relative activity value of 0,5 
indicates a two-fold (or 50%) decrease in the level of cellular ATPase activity at the 
concentration of detergent tested v^hen compared to the ATPase activitv level in the 
absence of the detergent, A relative activity value of 0.2 indicates a five-fold (or 
80%) decrease in the level of cellular ATPase activity at the concentration of 
detergent tested when compared to the ATPase activity level in the absence of the 
detergent. 

For the cationic detergents tested, the reaction conditions which resulted in a 
or greater decrease in the relative ATPase actiMty were DTAB at concentrations 
of 0 05% and greater: CTAB at concentrations of 0,02% and greater: BDDABr at 
concentrations of 0,02% and greater. Therefore, all cauonic detergents tested in this 
assav at a concentration of 0,05% or greater decreased cellular ATPase actn .tv bv 

or more. For the anionic detergents tested, the reaction conditions which 
resulted in a 25^o or greater decrease in relative ATPase activity compared to 
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10 



15 



20 



25 



30 



.eacfons .n the absence ofdetergent were SDS at concentrations oft.t, 1 % and greater 
and deoxvcholate at concentrations ofO. 1% and greater. None of the non.onic 
detergents tested resulted in a 25% or greater decrease in the level of cellular ATPase 
.ct. vtv For the ...ttenonic detergents tested, only sulfobetaine at a concentration ol 

or greater .as able to decrease the relative ATPase activ.tv by 25% or greater 
compared to reactions in the absence of detergent. 

These values are graphed m Figure 1 (non.onic and /.w.ttenon.c detergents) 

and Figure 2 (cationic and anionic detergents). 

Example 3 Stability of Reagent composition Composition (room temp.) 

The detergents used for inhibition of endogenous ATPase activitv in a sample 
also an-ect activitv of luciferase. This example . as designed to test the stabilitv and 
runctionalitv of the reagent composition composition (-reagent composition ) over 
ume when it comprised d.lTerent luciferase en.ymes and when the ATPase inhibitor 
was present at a concentration that significantly inhibited the ATPase activitv 
endogenous to the sample as demonstrated in Example 1 and Example 2 herem above. 
,t IS ultimatelv the extended stability of a reagent composition, comprising an ATPase 
.nhibitor and a luciferase enzvme. which provides a composition useful for measuring 
ATP in a sample or samples, over an extended period of time. The most preferred 
luciferase for use in such a reagent composition would be one whose stability is 
minimallv decreased m the presence of an ATPase inhibitor when that ATPase 
inhibitor'is present in the reagent composition at a concentration capable of inhibiting 
at least 30% ATPase activity endogenous to the sample. 

In this experiment, the stabilitv of a reagent composition comprising w ild type 
LucPpv w as compared to the stability of a reagent composition comprising 
LucPpe2m 1 46 at about 23^C (room temperature). The various reagem compositions 
had van ing detergent concentrations. The various detergents tested were those 
demonstrated in Examples 1 and 2 above to have significant ATPase inhibition 
aclivilv. 

■ Two solutions were created as listed below . One contained the luciferase. 
lucifenn. MgSO.. and bulTer (reagent composition). The other solution contained 
media plus ATP (media solution). 
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15 



20 



30 



Reagent composition: 

50 ^lg/ml en/>me (LucPpy is Promega catalog #E170A) 

50 niMHepes bulTer (pH 7 0) 

100 mM NaCl 

10 mM EDTA 

0 1% gelatin 

10 mM MgS04 

1.0 mM Luciferin 

Detergent (at various concentrations, see table belovN ) 
Nanopure Nvater was added to a final volume of 2.5 ml 

Media Solution: 

F12/DME media (Sigma D-6905) final volume 15 ml 

1 .0 \iM ATP 

For each reagent composition, all mgredients except the luciferase en/> me 
were assembled: the enz> me was then added immediately before the first 
luminescence reading was taken. Immediately after addition of en/vme to each 
reagent composition and for various timepomts thereafter. 100 ^1 aliquots of the 
reagent composition were added to wells of a 96-w ell microtitre luminometer plate in 
triplicate. To these were added 1 00 ^1 Media Solution containing the ATP. 
Lummescence was then immediateK read on a Dynex MLX m.crot.treplate 
luminometer. 0.5 second reads per well. The average relative light unit values as well 
as the reaction half lives are listed below in Table 1 and the percent of original 
luminescence remaining at each timepoint is listed in Table J below The t.mepoint at 
the top of the column indicates the time at which the first rlu measurement tor the 
sai^ples in that column was read. Times are provided for some samples when their 
ume of measurement varied significantlv from the time at the top of the column. 
Times listed in Table 1 are the same for Table J. The values for sulfobeta.ne and lor 
CTAB were generated on different days, they are presented with the control ^alues 
.enerated in the same experiment. There was substantial precipitation in the samples 
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cont^nms 0,5% deoxvchola.e and sl.gh, prec,p«a.,o„ ,n .ha samples con,a,n,„s 0 1 
deoxvchola,e Th. resulted ,n unreliable measuremen.s for rlrose sanrples 



Table 1 
LucPpv 



Average Relative Light Units 



(at RT. pH 7.0) 
0.75 min 



Control (no det) 
DTAB 0.5% 
BDDABr 0.5% 
*Deoxych. 0.5 "/« 
SDS 0.05% 



Control (no det) 
Sulfobet. 1.0% 
Sulfobet. 0.5% 
Sulfobet. 0.1% 



Control (no det) 
DTAB 0.1% 
BDDABr 0.1% 
SDS 0.01% 
*Deoxych. 0.1% 

Control (no det) 
*CTAB0.1% 
*CTAB 0.05% 

*CTAB0.02% 



Control (no det) 
DTAB 0.02% 

BDDABr 0.02% 
Deoxych 0.02% 
SDS 0.01% 
SDS 0.002% 



u ...... 21 min 39 min 64 min 92 min 

b'io""" 3610.837 3530.333 3421.743 3442.863 
0 018 
0.001 

4.801 0.012 0 007 
0.007 



0.75 min 

3238.01 
0.024 
737 788 
3291 41 



7.5 min 

3147.54 
0.000 
0.084 

3178.07 



20.5 min 

3192.85 

0.037 
3262.17 



0.75 min 


10 min 


36 min 


2311.293 




2294.607 : 


0 307 


0.009 


0.005 


0 007 






0.175 


0.016 




19.771 


0.180 


0.026 


0.75 min 


6 min 


20 min 


2844.21 




2672.94 


94.603 


0.020 




1134.53 


0.563 


0.015 






0.099 


1869.80 


79 719 


( 1 6 min) 


0.75 min 


38 min 


70 min 


3379.970 


3194.540 


3085.880 


4513.320 


3761.940 


3363.410 


2894.700 


0.035 


0.015 


3199.250 


2844.010 


2626.260 


17.584 


0.001 




640.290 


190.860 


84 210 



59 min 90 min 

3155.05 3203.21 



3074.49 3066.29 
60 min 95 min 



40 min 62 min 88 min 

2817.67 2869.35 2852,75 



94 min 122 min 

015.030 2820.330 
229 340 3082.030 

0.016 0.011 
^496.570 23 14.910 

47.210 25.630 
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\ucP pe2m\46 

Control (no det) 
DTAB 0.5% 
BDDABr 0.5% 
*Deoxych.0.5 
SDS 0.05% 



(at R'l. pH 
15 min 

27r,680 
5.4% 
2,040 
45 ')77 
0.018 



7.0) 

72 min 124 min 

2^171.53 24023.967 

3.141 2.769 

1.140 0.998 

229.874 2059.397 

0.012 0.001 



0.75 min 
Control (no det) 16897 5 
Sulfobet. 1.0% 5 
Sulfobet. 0.5% 13447 0 
Sulfobet. 0.1% 16648 3 



30 min 

16754.97 
16754.97 
13597 97 
17003.0 



1.0 min 34 min 
Control (no det) 2781 1.33 28665.87 
DTAB 0.1% 20132.47 20574.63 
BDDABr 0.1% 29.71 66.09 
*Deoxych.0.1% 5150.43 5031.12 
SDS 0.01% 24.46 27.85 



Control (no det) 

*CTAB0.1% 
*CTAB 0.05% 
*CTAB 0.02% 



1.0 min 

16578,6 

1047.8 
11992,5 
11019,8 



37 min 

15270 1 

5,3 
301 5 
2051.7 



66 min 

17594.7 
7036.0 
14186 93 
17849.8 

65 min 

28814.47 
20800.80 
62.19 
6855.67 
10.77 

67 min 

15710.6 



190 min 

23200.600 
2.563 
0 899 
1414,397 
0.006 

123 min 

16842 8 
6653.67 
12982 20 
16610 13 

115 min 

26614.43 
19908.30 
45.18 
6340.45 
6.45 

116 min 

16272.3 



1.0 min 34 min 
Control (no det) 2781 1.33 28665.87 
DTAB 0.02% 28730 17 28596.30 
BDDABr 0.02% 26548.60 26272.87 
Deoxych.0.02 24307.30 24639.00 
SDS 0.002% 24265.83 24213.97 



251 min 

20771.450 
2.7()6 
1.042 
1342 963 
0 016 

180 min 

16935.5 
7358 44 
14348 90 
17115.63 



5.2 
131.7 
1087.4 

65 min 

28814.47 
2865 1 97 
25766.43 
24717.97 
24725.73 



?ppt indicates that the detergent prec.p.tated .n the sample 



Table J 



238 min 

17598.6 
6948 05 
13958.2 
18131,37 



175 min 238 min 286 min 

27752.97 28249 6 27110 13 

20760.93 19758.4 19659 10 

33 X9 34.46 126.90 

7347.09 6801.23 7472.54 

2.02 2.44 0,62 

177 min 243 mi 

17085 8 17163.7 



6.2 
4219.7 
6117.8 

1 15 min 

26614.43 
26062.30 
24155.00 
23158.37 
22654.87 



6.0 5.7 
16910.8 17340.0 
16020 8 16368.5 



175 min 

27752.97 
27941.73 
25891 70 
24655.43 
23856 73 



238 min 

28249.6 
27677.9 
24959. 1 
24320 6 
23425.5 



286 min 

271 10.1 
27808,3 
24510 1 
24303,9 
23275,6 



Percent of Luminescence Remaining 



LucPpy 

Control (no det) 100 00 

DTAB 0.5% 1<>^' 

BDDABr 0.5% 100,00 

Deoxych.0.5% H»0,00 



\0) 



99,74 



0.25 



97.5: 



0.15 



94 52 



95 1 



(PPI) 
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SDSO.05% 100.00 

Control (no det) 100 00 

Sulfobet. 0.5% 100.00 

Sulfobet.0.1% 100.00 

Control (no det) 100.00 

DTAB 0.1% 100.00 

BDDABr 0.1% 100.00 

SDSO.01% 100.00 

Deoxychol 0.1% 100.00 



Control (no det) 100 00 

CTABO.1% 100.00 

CTABO.05% 100.00 

CTABO.02% 100.00 

Control (no det) 100 00 

DTAB 0.02% 100.00 

BDDABr 0.02% 100.00 

Deoxych. 0.02% 100.00 

SDS 0.002% 100.00 



l,ucPpe2nil46 


(at R'l 


Control 




(no det) 


100.00 


DTAB 0.5% 


100.00 


BDDABr 0.5% 


100.00 


Deoxychol 0.5% 


100 00 


SDS 0.05% 


100.00 


Control (no det) 


100.0 


Sulfobet. 1.0% 


100.00 


Sulfobet. 0.5% 


100.00 


Sulfobet. 0.1% 


100.00 


Control 




(no det) 


100.00 


DTAB 0.1% 


100.00 


BDDABr 0.1% 


100.00 


Deoxychol O.l'M 


100.00 


SDS 0.01% 


100.00 



90. 9 X 


86.83 


83.85 


57.16 


50.39 


46. (i4 


55,90 


48.93 


44.07 


499 1)8 4479.22 


3076.34 


65.68 


6 09 


35.06 


99.2 


104.1 


99.7 


102 0 


106 0 


100.3 


101 1 


105 5 


96.5 


102 1 


107.2 


99.8 


103.07 


103.61 


95.70 


102.20 


103.32 


98 89 


222.47 


209.32 


152 09 


97 68 


133.1 1 


123.11 


113 85 


44.02 


26.38 



.ion 



100.2 104.1 

110.9 104.7 

106.7 103.8 

102.8 108.9 



99.79 101.58 97.48 

103.12 98.14 97.65 

11406 115 98 427 13 

142.65 132 05 145.09 Precip 
8.25 9.97 2.53 



97.2 98,6 108 5 97 

95.8 99.1 93.4 93. 

nd 99 28 97 54 95 () 

2 93 1.55 

9.14 

0,91 0.13 



0.02 
0.05 
0.09 



94 0 99.1 100. 

Ppt. 

0.00 PP« 
0 03 



94.51 91.30 89.20 83.4 

99.53 74.52 71.55 68.2 

0.00 0,00 

S8 90 82.09 78.04 72.3 

29.81 13.15 7.37 4.0 

pH 7.0) 

75.07 
50.32 
51.10 

S 

2920.97 pre 
87.64 
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ControKno det) 100 00 92 11 

CTABO.1% 100.00 0.51 

CTABO.05% 100.00 2 51 

CTABO.02% 100.00 1«.62 

Control (no det) 100.00 103.07 

DTABO.02% 100.00 99.53 

BDDABr 0.02% 100 00 9H.96 

Deoxych. 0.02% 100 00 101 36 

SDS 0.002% 100,00 99.79 



94.76 


9S. 15 


\{W HA 
1 \)j . VK> 


1 0 ^ >3 




0.50 


0.59 


{\ < Si 

\) . JO 


V/. J 




1.10 


J J. I f 


141 01 


144.5 


Ppt 


9.S7 


55.52 


145.38 


148 54 


Ppt 


103.61 


95.70 


99.79 


101.58 


97 48 


99.73 


90.71 


97.26 


96.34 


96,79 


97.05 


t)0.98 


97.53 


94.01 


92.32 


101.69 


')5.27 


101.43 


100.05 


99,99 


101.90 


93.36 


98 31 


96.54 


95.92 



Table K Half-life of Luminescence Activity (measured in minutes) 

For each concentral.on of detergent us.ng either luc.ferase. the stabiHtv of the 
reagent composU.on can be described as having an actu .ty half-Ufe us.ng the data 
from Table J. The haif-l.fe .s determined by applying linear regression to the data, 
with the logarithm of the relatn e luminescence values in Table J as the dependent 
variable and the time of each measurement as the independent variable. The half-life 
,s then calculated from the linear regression as ln(0.5)/(slope). Using this method, the 
stabilities of the reagent composition are listed in Table K: detergent concentration 
shovsT. as percent (w/v) and values of activity half-life shown in minutes. W).ere the 
luminescence actiMty was less than could be reliably measured, the half-life is shown 
as "no activity" Some reagent compositions were very unstable, having actn .tv hall- 
l.ves less than 10 minutes. Because these are difficult to accurateh quant.tate. thev 
are listed onlv as "<10", In contrast, some reagent compositions exhibited large 
stabil.tv. having activity half-lives greater than 1000 minutes (i,e.. greater than 16 
hours). Because the samples were measured for less than 5 hours, accurate 
determmalions of half-lives are dilTicult and are listed only as ">1000", 

in Table K. the values below the hon/ontal Ime (in bold) indicate the 
concentrations of each detergent that inhibited endogenous ATPase activilv in 
Examples 1 and 2 bs at least 25%, It is clear that the reagent composition is \ en 
unstable when comprising LucPpy and has a concentration of detergent capable of 
inhibiting at least 25% of the endogenous ATPase actn itv. In contrast, a reagent 
comprising LucPpe2ml46 and the same detergent concentration generallv has 
n.oderate to substantial stabil.tv In some cases, luc.ferase act.v.tv was .nh.b.ted bv 
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,he presence of the deiergent. bu, nonetheless v.elded a stable compos.t.on. Two 
detergents CTAB and deoxN cholate. preop.tated from the solufon dunng the course 
of the measurements Th.s uas most notable lor CTAB. where LucPpe2ml46 was 
stronglv mactn ated bv the detergent, but slowh regained actn .tv as the detergent 
.pUated from solution. Th.s behav.or made half-l.fe m^poss.ble to est.mate lor 



precir 



,ent composition containing CTAB. The effect was seen to a lesser extent 



the reagent 
w ith deoxN chelate 



Common firefly iuciferase 
(P. pyralis) 

CTAB BDDABr Deoxych. SDS 
>1()0() >iooo >10()0 



cone DTAB 

0.000 >H)00 
0.002 
0.010 

0.020 

0.050 

0.100 <to 
0.200 

0 500 no activity 

1.000 



<10 



<10* 
<10* 

<10* no activity 
no activity 



Sulfobetaine 
>1000 >1000 
25 



235 



<10 



no activity 



<10* 
<10* 



877 
no activity 



Chemostable Iuciferase 
(Ppe2ml46) 

cone DTAB CTAB 
0.000 >iooo 
0.002 

0,010 . 

0.020 >1000 
0.050 * 
0 100 >tooo 

0.200 

0.500 265 
1.000 



BDDABr Deoxych SDS Sulfobetaine 

>iooo >iooo >iooo >iooo 

>1000 
83 



>iooo >iooo 



>1000 >1000* 
264 >1000* 



>100() 
>1000 



>1000 



10 



♦precipitate formed 
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Example 4 ATPase Inhibition at 22° C and 37° C 

Cell 1> sate uas prepared as described in Example 1 The ability of 1 % DTAB 
to inhibit endogenous ATPase (/.c , ATPase present in a sample) was measured in a 
complete reagent composition over time at both 22°C (room temperature) and 37°C. 
S Three cell Ivsate samples were prepared. Sample 1 contained 4.0 ml L929 cell lysale 

plus 4.0 ml 25 mM Hepes. pH 7 5. Sample 2 contained 4.0 ml L929 cell Ivsate plus 
4.0 ml buffered detergem solution (40 mM Citrate (pH 6.0). 110 mM MES (pH 6 0). 
450 mM KP04 (pH 6.0). 2,0 mM EDTA. 0.2% Ma/u DF-204 (PPG Industries). 2.0 
mM NaF. 1 .0% DTAB and 2% THESIT - final pH of the buffered detergent solution 
10 adjusted to 6.0) Sample 3 comamed 4.0 ml DMEM/F12 media (no serum) 

containing 0. 1 ^M ATP plus 4.0 ml 25 mM Hepes (pH 7.5). The samples were 
divided in half: half was incubated at 22°C. half was incubated at 37°C. After 10 
mmutes of incubation m their respective water baths to allow the solution at 37°C to 
reach that temperature (this point is referred to as time = 10 min ). 100 ^1 of each 
1 5 sample was transferred independently to a well of a 96-well lum.nometer plate in 

quadruplicate. To each 100 m1 sample was added 20 ^1 of a solution containing 
luciferin (12.5 mM)/luc.ferase (200 ^tg/ml LucPpe2ml46)/MgS04 (50 mM) solution. 
The resulting relative light units were measured on a Dynex luminometer using 0.5 
second reads. This was repeated at several time points out to five hours. The resulting 
20 average relative light unit ^ alues (Table L) and the percent remaining ATP (Table M) 

are below . 

Table L. Average Relative Light Unit Values 

Time (minutes) 

10 mm 60min llOmin 180 mm 240 mm 300 mm 
12371.2 31412 930.0 270.7 127.4 55.1 
Sample 2 781.3 792.3 777.5 748.9 728.2 713.4 
Sample 3 2937.2 2815 0 2869.2 2.^92 3 2046 1953 4 

220C 10 mm 60 mm 110 mm 180 mm 240 mm 300 mm 



Temp. 
25 37°C 

Sample 



30 



Sample 



13073.4 55518 2766.29 1121.5 541.8 273.7 



Sample 2 
Sample 3 



6066 615.5 630 0 6157 
2603.4 2527 0 2533.0 2321.^) 



616.4 626,0 
2052,8 1917.3 
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Table M. 




Percent ATP Remaining 






Temp 

37°C 


1 0 mm 


60 min 


Relative litihl units 
llOmin 180 min 


240 mm 


300 min 


Sample 1 


100 


25.39 


7.52 


2.19 


1.03 


0.44 


Sample 2 


100 


101.41 


99.51 


95.86 


93.20 


91.31 


Sample 3 


100 


95.84 


97.69 


88.26 


69.68 


66.51 





22°C 


10 min 


60 min 


1 1 (1 min 


180 min 


15 


Sample 1 


100 


42.47 


21.16 


8.58 




Sample 2 


100 


101.46 


103.86 


101.5 




Sample 3 


100 


97.07 


97.30 


89.19 



4.14 
101.62 



2.09 
103.21 

73.65 



20 



25 



30 



Under the conditions of this assay. 1% DTAB resulted m no loss of ATP (i.e.. 
complete inhibition of ATPase endogenous to the sample) at 22°C and mmimal loss at 
37°C. even when the solution was incubated at the temperature of interest for up to 
in e hours. These data demonstrate reaction conditions for which there is neari> 
complete endogenous ATPase inhibition, yet in which ATP is stable to at least five 
hours. 

Example 5 HI. Stability of Reagent Composition 

Using the results of Example 4. this experiment was designed to demonstrate 
the stab.litv of the complete reagent composition at 22T in comparison to its stabilit> 
at 37°C as measured by luminescence over time. To generate the complete reagent 
composition. 1 0 ml of buflered detergent (36 mM Sodium Citrate. 2 mM EDTA. 20 
mM MgS04. 2 mM NaF. 1 "/o DTAB. 2% THESIT. 0.2% Ma/,u. buffered to a final pH 
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01-6.0) was added to Koph.l./ed LucPpe2ml46. D-luc.fenn. MgS04. CDTA so thai 
the reagent composition had a final lucilerase concentration of SO ng/ml and final 
luciterin concentration of 5 iiiM 

The reagent composition u as divided in half with one half incubated at 22^C 
5 and the other half incubated in a water bath at 37°C At various timepomts. 100 ^1 

samples were removed from the reagent compositiones (in quadurplicate) and 
transferred to a 96 well lummomeler plate. Then, to each 100 ^1 sample uas added 
100 ^1 of 1 .0 [iM ATP in DPBS (Dulbecco s Phosphate BulTered Saline. Sigma 
Corp.. St. Louis. MO). The plate was shaken for 30 seconds at 700 rpm on an orbital 
1 0 shaker and luminescence was then read on a Dynex MLX microtiter plate 

luminometer. 0.5 second reads per well. The average relativ e light unit values are 
listed below in Table N and the percent remaining ATP and half life values in Table 
O 

] 5 Table IS. Average Relative Light Units 

IimelmiILi_JL__23 60 L2tL_m_240_J00 

22°C 695.4 763 0 741.8 683.8 675.9 664.4 681.4 

370(^ .... 757.7 722.3 614.4 575.0 544.2 526.1 

iQ Table O. Percent Remaining ATP . ,r, f 

T.n..rm.nV 0 23 60 m 185 7,40 300 half-life 

92°C 100 109.7 106.7 98.3 97.2 95.5 98.0 >1000 min 

Ijoq 100 108.9 103.9 88.4 82.7 78.2 75.7 573 min 



25 



30 



35 



Example 6 DTAB Effect on Stability of Reagent Compositions Comprising 
Various Luciferases (37°C) 

The stability of a reagent composition composition comprising LucPpe2 
luciferase was compared to a reagent composition comprising LucPpe2m90 and a 
reagent composition comprising LucPpe2ml46. in the presence and absence of 0. 1% 
DTAB. These mutant luciferases are thermostable: they are described in detail in 
PCT application PCT/LIS99/30925. filed Dec. 22. 1999. 

Each en/yme was diluted to 0.05 mg/ml to a final volume of 1 .0 ml in either 
25 mM HEPES. /)H 8.0 or 20 mM citrate. pU 6.0; both with 100 mM NaCl. 1 mM 
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EDTA. 0. 1% gelatin and 5% glvcerol. In half of the samples. 0 1% DTAB was 
added The en/>me solutions ("reagent compositions") were incubated at 37°C. 

At various timepoints. 10 ^1 ofen/yme solution was transferred to a 96-\Nell 
luminometer plate in triplicate Then, in triplicate. 100 ^1 room temperature 
luciterase assay reagent (1 mM luciierin. 0.2 mM ATP. 10 mM MgS04 m 50 mM 
HEPES. /;H 8.0) was added to each 10 ^1 en/yme solution aliquot, mixed and 
immediately read in a Dynex MLX microliter plate luminometer The ATP in the 
lucilerase assay reagent is at a saturating concentration. The average rlu x alues are 
reported, as are the half lives of the reagent composition activity as measured by 
luminescence (Table P). Half-life was calculated using the formula log (0.5)/slope of 
the data plotted as tune (x axis) versus log value of rlu. The time zero is actually 
about 2-3 minutes after the mixing of en/yme and substrate: this could accoum for the 
lower numbers m the presence of DTAB at time 0 than m the absence of DTAB. 
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Table P. Effect of DTAB on various lucifei ases' activity 



Average rlu over time (min) 



Enzyme/time (min) 6 0 



/7H 6.0 + DTAB /;H8.0 



pH 8 0+ DTAB 



LucPpe2 



0 

29 



59 



Hair life (min) 



LucPpe2m90 



0 



59 



123 



183 



239 



Half life (min) 
LucPpe2ml46 



0 



61 



125 



183 



237 



Half life (min) 



18655.25 
1854.83 



206 69 



9.1 



20031.03 



18453 



15966.03 



15546 4 



14519.63 



510.5 



7685.01 



7077.29 



5507.01 



6144.94 



6471.76 



820.8 



2372.31 
0.099 



0.08 



4.0 



16263.53 



15535.4 



13421.5 



14061.8 



11924.03 



580. 



5945.34 



5989.65 



3754.71 



4839.58 



4951.0 



682.6 



22134.0 
1 1773.67 



5070.62 



27.7 



15795.17 



15510,77 



13735.67 



13271.05 



11115 13 



487.5 



6652.84 



6577.91 



5192.73 



5476.86 



5174.22 



595.5 



7048.95 
0.161 



0.034 



3.4 



22401.4 



15332.67 



12383.75 



1 1271.25 



9551.65 



207.1 



6445.57 



6214.56 



4018.92 



4020.56 



3734.59 



268.0 



*time /.ero is about 2-3 minutes after mixing of en/yme and substrate 
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Example 7. Enhanced Duration of Luminescence and Effects of Various Media 
and Sera on ATP Measurement 

In some embodiments, the compositions of the invention were added to intact 
cells to lyse them, and then ATP detected. In other embodiments, conditioned culture 
media were themselves assayed for ATP. However, the various components of 
media, such as bulTers. sugars, amino acids. pH indicators, salts, etc.. as ^^d\ as the 
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vanous factors found m serum (equine, bo^ me. cic. ) may inhib.t luc.ferase activ .U . 
This example demonstrates the effect of cell culture media and sera in the presence of 
the ATPase inhibitor DTAB on the reagent composition and on the duration of 
luminescence (referred to herem as "signal stability") when the reagent composition is 
S combined with a sample supplying ATP. 

The following reagent composition xsas prepared: 40 mM Citrate buffer (y^H 
6.0). 1 10 mM MES bulTer {jM 6.0). 0.2 mM EDTA. 100 ng/ml Luciferase 
(LucPpe2ml46. diluted from 37,8 mg/ml stock solution). 5 mM luciferin. 300 mM 
NaCl. 20 mM MgS04. 0.05% Ma/.u DF-2()4. and var>ing concentrations DTAB as 
1 0 listed in Table Q beloxx . The luciferase-luciferin reaction was mitiated by combming 

100 Hi of the reagent composition composition with 100 ^1 cell media w ith serum. 
var> ing fmai concentrations of DTAB (as indicated below in Table Q) and 1.0 ^M 
ATP was added to each reaction plus or minus 10 ^M sodium p> rophosphate in wells 
of a 96-well microliter luminometer plate: each experimental condition was prepared 
1 5 in triplicate. At various times after initiating the reaction, rlu values were recorded 

using an Orion microplate luminometer (Berthold Detection Systems: Pfor/heim. 
Germany). Average rlus and signal stability (measured in terms of its half-life) are 
reported in Table Q. In all media tested, the DTAB in the presence of Ppi resulted in 
a longer half-life than did the DTAB in the absence of the Ppi. The type of media 
20 used in the assay did not contribute significantly to signal stability variation. The 

signal stability half life was calculated from the time 0 (A) and from time 10 min as 
the original value (B). The Ppi decreased luminescence about ten-fold or more. 



-60- 



Table Q. Effects of media and sera on luciferase-lucifei in reaction 



Average relative light units over time (min) 



Signal 
stability 
ti/2 (hr) 




DMEM+ 10% FBS + ATP + 



0.50'!o 
DTAB 



0.55% 
DTAB 



20477 1 223493 



1X7757 



52107 597W 



49X9 4723 



0.45»o 
DTAB/Ppi 

F12/DME+ 10% FBS + ATP + 



51285 



4053 



146766 



104150 



72609 



42155 



3743 



32891 



3611 



32307 



24137 



3514 



12031 



3188 



2.4 2.3 



9.6 11.4 



0.50"o 
DTAB 


13467 13311 


11348 


9953 


8127 


6538 


3793 \ 


3.0 


3.0 


0.55"o 
DTAB 


6847 6952 


6013 


5581 


4891 


4329 


3207 


4.9 


5.0 


0.45% 
DTAB/Ppi 


1467 1342 


1107 1 


1047 


1017 


1036 


937 


10.6 


14.2 


F12/DME+ 1 


0% HS + ATP + 










0 50"o 
DTAB 


X8405 82645 


70746 


58749 


44677 


33353 


17414 


2.3 


2.4 


0.55"., 
DTAB 


36615 36669 


31348 


27979 


23778 


19955 


13539 


3.x 


3 X 


0.45"., 
DTAB/Ppi 


(,124 5611 


49X1 


4398 


4163 


3961 


3553 


7.7 


9.0 


pRPlVlj + lO'M 


, FBS + ATP 




1 


0.5n"o 
DTAB 


44179 43664 


35909 


26501 


16951 


10153 


3268 


14 


1.4 

■ — ^ 


O.55"'o 
DTAB 


213X8 22X63 


1 963 1 


16X4X 


12968 


9661 


50X0 


2.5 


2.5 


0.45"^, 
DTAB/Ppi 


32X4 2879 


2599 


2381 


2285 


1 2243 

1 


2099 

i 

_J ... ■ ■ — 


10.4 


136 
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Example 8. Cell Number Correlates with Light Output 

This experiment demonstrates that luminescence generated b> use of the 
reagent composition in the method of the invention invention directlv correlates with 
viable cell number. A simple correlation between known l.vmg-cell numbers and 
experimentalh -determined luminescence v\as established. 

Jurkat cells (ATCC. CRL-1990) were grown m 5% C02/95% air. 100% 
humidity at 37T and maintained in RPMl media (Sigma. R-8()05) containing 10% 
FBS (Hyclone #SH30070). 1 X non-essential amino acids (Hyclone SH30238) and 1 
mM sodium pyruvate (Hyclone #SH30239). Cells were suspended at 5 x lOVml in 
fresh complete medium, and 1 :2 serial dilutions were prepared. Then. lOO^lofthe 
cell dilutions were added to wells of a 96-well microliter plate, resulting in 0 ^ 50.00t) 
cells/well. Quadruplicate replicates were prepared. The plate was then incubated at 
37°C. 5% CO2 for 45 minutes. The plate was then equilibrated at 22°C for 30 
minutes. Then 100 ^1 reagent composition (40 mM Citrate bulTer (j^H 6.0). 110 mM 
MES bulTer (pH 6.0). 2 mM EDTA. 450 mM KPO4. 0.4% Prionex. 80 ^g/ml 
Luciferase (LucPpe2ml46. diluted from 37.8 mg/ml stock solution). 5 mM luciferin. 
2% THESIT. 20 mM NaF. 20 mM MgSOa. 0.2% Ma/,u DF-204. 1 .0% DTAB). was 
added to each well, the plate was gently shaken for 2 minutes, and incubated for 10 
minutes on a Dvnex MLX plate luminometer. The light output was then read in 0.5 
second summed interrogations. The resulting aN erage rlus are reported herein below 
in Table R 



OS 
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Table R. Correlation of luminescence with cell 



Cells/well 

0 


Luminescence uiu; 


standard deviation 

0.015 


49 


1 . vo 


0.233 






0.460 


195 




0.307 


390 


12.34 


0.356 


7HI 




0.367 


1562 


17 1 1 


1.583 


^ 1 25 


')1,77 


1.156 


6250 


171.93 


0.812 


12500 


346.26 


10.739 


25000 


672.79 


7.322 


50000 


1279.75 


14.683 
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Example 9. Lymphoid Cells tested with NaF 

In some cells, such as K mpho.d cells (c.^j.. Jurkat). an increase in 
luminescence over t.me m the presence of the reagem composition solution is 
observed While the underlving mechanism of this increase m luminescence ,s not 
known It IS postulated that it results from the functioning of ATP-generating en^ mes 
,n this cell-tvpe The activitv of such enzv mes. if left unchecked, will result in an 
over-estimation of ATP in a sample a. the time of the assav. This expenmem was 
designed to test the effects of sodium nuonde on luminescence when using lymphoid 
cells The experiment also demonstrates the enhanced duration of luminescence 
produced bv the LucPpe2ml46 in the composition and methods of the invention. 

Jurkat cells (ATCC. CRL-1990) were grown in 5% CO,/95% air. 100% 
humiditv at 37"C and maintained >n RPMl media (Sigma. R-8005) containing 10% 
FBS (Hvclone #SH30070). l.\ non-essential ammo acids (Hvclone SH30238) and 1 
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,.M sod.um pvruvate (Hvclone #SH30239) Cells were plated at 0. 12500. 25000. 
and 50000 cells/well m 100 ^1 of media m a ')6-well microliter iummometer plate 
Quadruplicate replicates were prepared. To each of these wells was added reagertt 
composition (reagent composition = 40 mM Citrate buffer (;;H 6.0). 1 10 mM MES 
buffer (/.H 6.0). 0.2 mM EDTA. 0.2% Gelatin. 100 ^tg/ml Luciferase (LucPpe2ml46. 
diluted from 37.X mg/ml stock solution). 100 ^M luciferin. 3t)0 mM NaCl. 20 mM 
MgS04. 0.05% Ma/u DF-204. 0 6% DTAB). In addition, all but the "no KPOV 
control sample contamed 60 mM KPO4 bulTer ipU 6.0). Various concentrations of 
NaF were then added to the above solution to final concentrations of 0. 1 0. 2.0. 4.0. 
10.0 mM; one condition had 10.0 mM NaF but without KPO4. 

Total reaction volume per well was 200 ^1. consisting of 100 ^1 cells plus 
media and 1 00 ^1 reagent composition containing KPO. and/or NaF. The light output 
was taken at various times on a Dvnex microliter plate Iummometer at a 0.5 second 
read lime. The resultmg a^ erage rlus from quadruplicate wells and calculated signal 
stabilities as measured by their half-life values are reported in Table S. 

The data demonstrate that the add.Uon of NaF can inhibit the luminescence 
increase seen when using Jurkat cells in a method of the present invention. 
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Table S. Effect of NaF on Jurkat cell luminescence 





Average riu over time (min) 




ti/: 
(hrs) 


Cells/ 
Well 


0 


30 


85 130 


220 


255 


285 




Contro 












0 


2.84 


2.77 1 


3.28 4.30 


3.98 


4.00 


3.97 




12500 


355.70 


370.90 


420.87 470.88 


508.06 


523.80 


536. 1 1 


nc* 


25000 


761.86 


857.57 


1174.30 1599.85 


2709.75 


3099.69 


3276.71 


nc 


50000 


1409.87 


1946.82 




5067,54 12596.83 




4991.96 


3583.77 


2978.22 


nc 



1.0 mM NaF (in the reagent composition) 



0 


2T87T 


2.72 


2.76 


2.91 


2.42 


2.37 


2.27 




12500 


358.61 


341.31 


331,08 


323.54 


271.89 


257.06 


247.61 


8.8 


25000 


691.68 


640.53 


61 1.45 


596.87 


495.89 


463.32 


446.32 


7 6 


50000 


1380.16 


1268 49 


1185.73 


1147.33 


936.82 


862.31 


832.15 


6.6 


2.0 mM 


I NaF 










0 


2.80 


2 59 


2.58 


2.57 


2.07 


2 06 


1.95 




12500 


348.16 


333.48 


323.75 




258.43 


251.90 


239.40 


8 6 


25000 


679.02 


631.69 


603.07 


589.08 


472.37 


455.25 


433,54 


7.3 


50000 


1340.22 


1239.83 


\ 

1 1 56.03 


1 1 1 1 ,04 


873.26 


829.87 


781,80 


6.1 


4.0 niN 


/I NaF 






6.55 


7.65 


15 30 


33 49 


15.12 


11.87 


1 10,43 




12500 


367.69 


346.05 


335.27 


331,07 


275.13 


259.58 


251,79 


8.6 


25000 


691.41 


634.08 


604.37 


587.41 


476.36 


453.66 


436.38 


7.2 
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Cells/ 
Well 


0 


30 


85 


130 


220 


255 


285 




5(K)(K) 


1378. 13 


1277,41 


1 195.56 


1 139,99 


883.49 


853.43 


813,31 


6.1 


10.0 mM NaF 










0 


6.55 


6.20 


6.47 


7.87 


5.52 


5.27 


5.13 


- 


12500 


364.79 


343.44 


331.48 


326.32 


271.64 


256.88 


248.30 


8 5 


25000 


753.29 


677.^)4 


635.67 


617.77 


496.08 


471.66 


450.76 


6.6 


50000 


1442.08 


1324.67 


1235.80 


1181.84 


903.44 


870.95 


826.48 


5.8 


10.0 m 


1 I ^ — ' 

M NaF. without KPO4 








0 


5.95 


5.65 


5.43 


5.34 


4.19 


4.16 


3,91 


- 


12500 


409.57 


400.10 


384.84 


371.42 


294.12 


283.01 


267.78 


7.3 


25000 


806.87 


785.16 


734,44 


692.57 


516.69 


498.99 


468,90 


5.7 


50000 


1514.80 


1449.30 


1340.91 


1258.88 


889.88 


865.24 

1 


807.41 


4.9 
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*nc - not calculable due to increase in rlu values over tune 
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